LOW-MOUNTED POWERED OPENING SYSTEM AND CONTROL 

MECHANISM 



RELATED APPLICATIONS 

[0001] This patent application claims priority to and all the benefits of U.S. 
Provisional Patent Applications 60/413,894, filed on September 27, 2002; 
60/416,106, filed on October 4, 2002; and 60/452,769, filed on March 7, 2003. 



FIELD OF THE INVENTION 

[0002] The present invention relates generally to powered systems for opening 
and closing closures such as doors and hatches, and more particularly, to powered 
systems for opening and closing motor vehicle closures. 

BACKGROUND ART 

[00031 Motor vehicle liftgates and deck lids act to close and seal the rear cargo 
area of a motor vehicle. Typically, these closures or closure structures are mounted 
in a frame located at the rear of the vehicle, usually on a horizontally extending axis 
provided by a hinge. The liftgate is thus positioned to rotate between a closed 
position adjacent to the frame and an open position, in which the cargo area of the 
motor vehicle is accessible. The liftgate or deck lid itself is often very heavy, and 
because of its mounting, it must be moved against gravity in order to reach the open 
position. Because of the liftgate's weight, it would be a great burden if a user was 
required to lift the liftgate into the open position and then manually hold it in place 
in order to access the vehicle's cargo area. , 

[0004] In order to make it easier to open liftgates and deck lids, most modern 
motor vehicles use gas or spring-loaded cylindrical struts to assist the user in 
opening and holding open liftgates and deck lids. The struts typically provide 
enough force to take over the opening of the liftgate after the liftgate has been 
manually opened to a partially opened position at which the spring force and 
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moment ami provided by the struts are sufficient to overcome the weight of the 
liftgate, and to then hold the liftgate in an open position. 

[0005] Usually, a motor vehicle liftgate-assist system consists of two struts. The 
two struts in a typical liftgate assembly are each pivotally mounted at opposite ends 
thereof, one end pivotally mounted on the liftgate and the other end pivotally 
mounted on the frame or body of the motor vehicle. Each strut's mounting point is 
fixed, and the strut thus possesses a fixed amount of mechanical advantage in 
facilitating the manual opening process. In addition, because the force provided by 
the struts is constant, the user must thrust downward on the liftgate and impart 
sufficient momentum to the liftgate to overcome the strut forces in order to close the 
liftgate. 

[0006] Automated powered systems to open and close vehicle liftgates are 
known in the art. However, these systems typically use a power actuator to apply a 
force directly to the liftgate to enable opening and closing thereof. For example, 
U.S. Patent No. 5,531,498 to Kowall discloses a typical liftgate-opening system in 
which the gas struts are actuated by a pair of cables which are, in turn, wound and 
unwound from a spool by an electric motor. Because this typical type of powered 
system acts as a direct replacement for the user-supplied force, it provides relatively 
little mechanical advantage from its mounted position, typically requires a 
significant amount of power to operate, and is usually large, requiring a significant 
amount of space in the tailgate area of the vehicle, which is undesirable. 

[0007] Control systems for the typical powered liftgate systems are also 
available. Such control systems usually include at least some form of obstacle 
detection, to enable the liftgate to stop opening or closing if an obstacle is 
encountered. These obstacle detection systems are usually based on feedback 
control of either the force applied by the liftgate or actuator motor or the speed at 
which the liftgate or motor is moving. One such control system for the type of cable- 
driven liftgate actuator described above is disclosed in U.K. Patent Application No. 
GB 2307758A. In general, the control system of this reference is designed to 
control the movement of the liftgate based on the measured liftgate force, using an 
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adaptive algorithm to "learn" the liftgate system's force requirements. However, the 
movement of a liftgate is a complex, non-linear movement and existing control 
systems are usually adapted only for conventional "brute force" powered liftgate 

systems. 

[0008] Other prior art power liftgate systems are more passive. For example, 
DE 198 10 315 Al discloses an arrangement in which the angular position of a strut 
is changed in order to facilitate opening and closing of a deck lid. However, the 
structural configuration of the disclosed design is such that it permits a very limited 
range of closure movement and limited mechanical advantage in the different 
positions. In addition, among numerous other disadvantages, the device disclosed in 
DE 198 10 315 Al does not provide a controlled system that enables dynamic 
control of the closure during movement thereof. This reference also does not 
contemplate use of the closure in manual mode, among other things. 

[0009] DE 197 58 130 C2 proposes another system for automated closure of a 
deck lid. As with the '315 reference, the '130 reference does not contemplate or 
allow dynamic control over the deck lid, use of the deck lid in manual mode, and 
does not enable a power driven closing force to be applied to the lid. Moreover, 
both of the '130 and '315 references disclose very large structural arrangements, 
making packaging in a vehicle very difficult. 

[0010] Packaging can be an important factor in the design of a powered system 
to open and close a motor vehicle liftgate or rear door. If the powered system is 
relatively large or is not well packaged, it may impinge on space that would 
otherwise be available for the passenger compartment. Passenger compartment 
space has become increasingly important, particularly for sport-utility vehicles and 
other motor vehicles with multiple rows of passenger seating. In some cases, design 
rules for vehicles with multiple rows of seating dictate that a 95 th percentile male 
should be able to be seated comfortably in the rearmost row of seating. Such 
capacious passenger compartment designs may not be possible if the liftgate 
powered system is large, or is packaged obtrusively. 
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SUMMARY OF THE INVENTION 



[0011] According to one aspect of the invention, a powered closure drive system 
is provided for opening and closing a closure mounted to a vehicle. The powered 
closure drive system includes an articulated strut extending between one end adapted 
to be pivotally coupled to the vehicle and an opposite end adapted to be pivotally 
coupled to the closure, thereby defining a static pivot axis and a movable pivot axis 
at each end thereof. A motor assembly is operatively coupled with the articulated 
strut for selectively displacing the movable pivot axis so as to adjust mechanical 
advantage provided by the articulated strut and, thereby, effect opening and closing 
of the closure relati ve to the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention will be described with respect to the following Figures, in 
which like numerals represent like features throughout the several views, and in 
which: 

[0013] Figure 1 is a perspective view of an automobile having a rear vehicle 
assembly incorporating a powered liftgate operating system according to the present 
invention; 

|0014] Figure 2 is a left side elevational view of the automobile of Figure 1 in 
schematic form (it being understood that the strut assembly is located within the 
vehicle body), showing the rear door in a closed position; 

[0015] Figure 3 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the movement of the strut assembly into door opening 
relation; 

[0016] Figure 4 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the movement of the door towards the open position; 
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[0017] Figure 5 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the movement of the door from a partially open position to 
a fully open position; 

[0018] Figure 6 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the fully open position of the door structure; 

[0019] Figure 7 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the movement of the door towards a closed position; 

[0020] Figure 8 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the movement of the door from a partially closed position 
towards a fully closed position; 

[0021] Figure 9 is a left side elevational view of the automobile of Figure 1 in 
schematic form, showing the movement of the strut assembly to interengage a 
locking mechanism and releasably lock the door in the closed position; 

[0022] Figures 10A-B are perspective and exploded views, respectively, of a 
gearbox according to the present invention; 

[0023] Figure 1 1 is a schematic diagram of a control system according to the 
present invention; 

[0024] Figure 12 is a left side elevational view of the rear door of an automobile 
attempting to close on an obstruction; 

[0025] Figure 13 is a schematic diagram of a second control system according to 

the present invention; 

[0026] Figure 14 is a schematic diagram of a third control system according to 
the present invention; 

[00271 Figure 15 is a schematic diagram of a fourth control system according to 
the present invention; 
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[0028] Figure 16 is a perspective view of a vehicle-mounted control panel 

according to the present invention; 

[00291 Figure 17 is a perspective view of a remote-control device according to 
the present invention; 

[0030] Figure 18 is a schematic diagram of another liftgate control system 
according to the present invention; 

[0031] Figure 19 is a high-level flow diagram of a control algorithm for opening 
a liftgate using the control system of Figure 18; 

[0032] Figure 20 is a high-level flow diagram of a control algorithm for closing 

a liftgate using the control system of Figure 18; 

[0033] Figure 21 is a flow diagram illustrating portions of the diagram of Figure 
20 in more detail; 

[0034] Figure 22 is another flow diagram illustrating portions of the diagram of 
Figure 20 in more detail; 

[0035] Figure 23 is a perspective view of an automobile with another 
embodiment of a rear vehicle assembly according to the present invention; 

[0036] Figure 24 is a sectional view of one side of the rear assembly of Figure 
23, taken through line 24-24 of Figure 23; 

[0037] Figure 25 is an exploded view of the rearward-most pillar of the 
automobile of Figure 23 illustrating the installation of a powered system according 
to the invention; 

[0038] Figure 26 is a perspective view of an automobile with a further 
embodiment of a rear assembly according to the present invention; 
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[0039] Figures 27-35 are schematic side elevational views of the automobile of 
Figure 26 with the rear assembly in various operational positions throughout a 
complete movement cycle; 

[0040] Figure 36 is another embodiment of the powered liftgate operating 

system of the present invention; 

[0041] Figure 37 is a schematic view of an operating assembly of the system of 

Figure 36; and 

[0042] Figure 38 is a perspective view of the rear portion of the vehicle 
incorporating another embodiment of the powered liftgate operating system. 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] The present invention will be described below particularly with respect to 
its application in the rear liftgates of automobiles. However, those skilled in the art 
will realize that the present invention may be applied to other types of vehicle 
closures and also to closures that are not mounted on vehicles. For example, the 
present invention may find application in trunk lids for automobiles, panel covers for 
light trucks, train doors, bus doors, and household closures like windows and doors. 

[0044] Referring Figures 1 and 2, there is shown an automobile, generally 
indicated at 10, with a rear assembly, indicated at 12, embodying the principles of 
the present invention. The rear assembly 12 consists of a vehicle body or frame 14, 
which defines an opening 1 6 at the rear of the automobile 10. A rear liftgate or door 
1 8 (or more generally referred to as a "closure") is constructed and arranged to fit in 
closed relation within the door opening 16. The weight of the door 18 biases it 
towards the closed position within the door opening 16. 

[0045] A hinge assembly 20 is connected between an upper portion of the frame 
14 and an upper portion of the door 18, mounting the door 18 for movement in an 
upward direction opposed to the weight bias of the door 18. The hinge assembly 20 
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provides a generally horizontally extending hinge axis of movement for all positions 
of the door 18. 

[0046] A latch assembly 22 is mounted on the door 18 and the frame 14 for 
releasably locking the door 18 in a closed position after the door 18 has been moved 
through a range of movement adjacent to or into the closed position. 

[0047] The latch assembly 22 includes a latch 24 disposed within the lower 
portion of the door 18, and a complimentary latch striker 26 disposed within the 
lower portion of the frame 14. The latch 24 and latch striker 26 are constructed and 
arranged to be interengaged in locking relation, and may be a powered latch 
assembly or an unpowered latch assembly as known in the art. In the case of a 
powered latch assembly, the latch assembly may "cinch" the door into sealing 
relation with a peripheral door seal carried by the door itself or by the door frame. 
In other words, the door 18 need only move to a position adjacent the fully closed 
and sealed position, at which point the powered latch assembly functions to pull the 
door into the fully closed position, against the resiliency of the peripheral seal 
structure for the door 1 8. 

[0048] The assembly 12 also includes a strut assembly 28 with opposite ends 
movable in opposite directions toward and away from each other. In the illustrated 
embodiment, the strut assembly includes two struts 30, one strut 30 mounted on 
each side of the assembly 12 between the door 18 and the vehicle body or frame 14. 
It will be appreciated by one of skill in the art that the strut assembly 28 may include 
only a single strut 30 connected between the door 18 and vehicle body or frame 14. 
In other words, while two struts 30 are preferred, the function required for the strut 
assembly 28 can be accomplished with just a single strut 30. Although gas struts 30 
are preferred for most automotive embodiments of the present invention, it should be 
understood that any structural member capable of storing mechanical energy (i.e., a 
"resilient stored-energy member") may be used with the present invention (e.g., 
metal springs, elastic polymers), and considered as a "strut" for the purposes of this 
disclosure. The particular choice of resilient stored-energy member depends on the 
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weight of the door 1 8, the desired movement rate of the strut assembly 28, and other 
conventional mechanical and structural considerations. 

[0049] As shown in Figure 2, the strut 30 and a rotating arm 40 rotate about two 
generally horizontally extending pivotal axes, at which standard strut bolts, or other 
fasteners as known in the art, are installed. A first pivotal or static pivot axis 42 is 
defined by the connection point between the door 1 8 and a first end of the strut 30. 
In the embodiments shown in the Figures, the "first end" of the strut connected to 
the door 18 is the cylinder end of the strut, although it can be appreciated that the 
strut can be oppositely mounted so that the piston end is mounted to the door 18. A 
second strut axis or mobile pivot axis 44 is defined at the connection between the 
second end (piston end in the figures) of the strut 30 and the rotating arm 40. An 
third pivotal axis or arm axis 46 is defined by the connection between the rotating 
arm 40 and a gearbox 36 that receives the output of a motor 34. The connection 
between the gearbox 36 and motor 34 will be described in greater detail below. 

[0050] In this embodiment, the gearbox 36 is attached within the vehicle body or 
frame 14. Although not preferred, it is anticipated that the gearbox 36 and rotating 
aim 40 could be mounted to the door 18, with the connection of the strut 30 at the 
static pivot axis 42 being connected within the vehicle body, to perform the same 
function. 

[0051] The strut assembly 28 is constructed and arranged to overcome the 
weight bias of the door 1 8 and move the door in a direction toward the open position 
thereof when the struts 30 are oriented in door-raising relation. The strut assembly 
28 is also constructed and arranged to be overcome by the weight bias of the door 18 
and allow the door 18 to move in an opposite direction toward the closed position 
thereof when the struts 30 are oriented in door-lowering relation as described below. 

[0052] As shown in Figure 1, the struts 30 of the strut assembly 28 are moved 
between door-raising relation and door-lowering relation by a power operated 
system, generally indicated at 32. In this embodiment, the power operated system 
or motor assembly 32 includes an electric drive motor 34 and an electronic control 
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system 41 disposed within the roof of the automobile 10 (as shown with dotted lines 
in Figure 1). The drive motor 34 communicates power to the two gearboxes 36, 
disposed respectively on opposite sides of the vehicle, by means of two flexible 
rotation-transmitting shafts 38, each shaft 38 connecting between the motor 34 and a 
respective gearbox 36 as shown. The power operated system 32 changes the second 
strut axis or mobile pivot axis 44 of the struts 30 by means of the two strut- 
positioning rotating amis 40 which connect associated gearboxes 36 with respective 
ends of the struts 30 as shown. The power operated system 32 can be any electro- 
mechanical structure that is operatively connected with at least one of the struts 30 
and that is capable of moving the strut so as to change the geometric relation of the 
strut between the door and vehicle body to favor the opening and/or closing 
operation. In the present disclosure, the drive motor 34, gearbox 36 and arm 40 may 
be considered as part of the power operated system 32. 

[0053] In the rear assembly 12, the door 18 can be moved automatically between 
the closed position and the open position as will be described in greater detail below. 
However, the power operated system 32 does not directly drive the door 18 the full 
distance between the closed position and the open position. Rather, the power 
operated system 32 simply positions the pivot points (e.g., mobile pivot axis 44) of 
the struts 30 so that the spring bias of the struts is in itself sufficient to overcome the 
weight of the door 18 and move the door 18 to the opened position from the closed 
position. Similarly, when the door is opened, it can be moved to the closed position 
simply by moving the mobile pivot axis 44 at one end of the struts 30 so that the 
weight of the door 18 overcomes the internal spring force provided by the struts 30. 
Thus, the movement of the door 1 8 between two positions is passive in the sense 
that power operated system 32 merely moves the articulation (i.e., attachment) 
points of the two struts 30, so as to change the angular orientation of the struts 30 
and thereby provide the struts 30 with either more or less mechanical advantage. It 
is the change in the mechanical advantage of the struts 30, and the resulting change 
in the effective force exerted by the struts 30, that actually causes the door 18 to 
move in one direction or the other. Because the powered operated system 32 does 
not directly drive the door 18 through its range of travel, in the event that the door 
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18 meets an obstacle during its movement, the obstacle will only encounter the 
spring force from the struts 30 and not a direct driving force from the motor 34. 
Otherwise put, there is lost motion permitted by virtue of the spring action of the 
struts 30 when an obstacle interferes with door movement. It should also be noted 
that the spring force of the struts 30 is closely balanced by the weight of the door 18 
during travel. The slight imbalance in forces causes movement of the door 18 in 
either direction. Therefore, in the event that the door 18 impacts an obstacle during 
opening or closing, the force exerted on that object by the door 18 will be only a 
small fraction of the weight of the door 18. 

[0054] As noted above, as the struts 30 are moved into a position of greater 
mechanical advantage, their effective force increases and the struts 30 are able to 
overcome the weight of the door 18, pushing the door 18 towards the open position. 
The speed of opening can be regulated by the position of arm 40. Similarly, as the 
struts 30 are moved into a position of lesser mechanical advantage, their effective 
force decreases and they are no longer able to support the door 18, which allows the 
door 18 to automatically close under its own weight, with the closing speed 
regulated by the position and angular orientation of the struts 30. Specifically, the 
closing speed of the door 18 is regulated by changing the angular orientation of the 
struts 30 with respect to the vehicle frame 14 and door 18 through computer- 
controlled movement of arm 40. This actuation sequence and control system will be 
described in greater detail below. 

|0055] In one embodiment, the single drive motor 34 supplies power to the 
rotating arms 40 to move the two struts 30 in a generally coincidental movement. 
The gearboxes 36 are provided to reduce the rotational speed of the drive motor 34 
to an appropriate speed for moving the struts 30. It is anticipated that the reduction 
provided by the gearboxes 36 may also be provided by a plurality of gears disposed 
at several locations within the power operated system 32. For example, a portion of 
the necessary reduction in motor speed could be accomplished by a small gearbox 
attached to the motor 34, while additional reduction could be performed by smaller 
gearboxes attached to the flexible shafts 38. 
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[0056] Alternatively, the coincidental motion of the two struts 30 (i.e., the 
coincidental motion of the two rotating arms 40) could be produced by two drive 
motors 34, each drive motor 34 connected to a gearbox 36, as will be described 
below with respect to Figures 23-25. If two motors are used, sensor input is 
provided on the position of both motors 34 and both struts 30, so as to coordinate 
their movement. 

(0057] In a further embodiment of the present invention, two drive motors may 
be used to move the struts 30 in a non-coincidental movement. Although 
coincidental or synchronized movement of the two struts 30 is advantageous in that 
it avoids placing torsional stresses on the door 18, the rotating arms 40, and the other 
components, independent articulation of the two struts 30 provides several 
advantages. For example, independent, non-coincidental movement of the struts 30 
allows two different types of struts 30 to be installed, to include various capabilities 
that cannot be easily packaged into a single strut. An example would be the use of a 
coil spring inside one of the struts (the other strut being a purely gas strut) in order to 
kick-start the door opening process during cold weather conditions where gas struts 
are less effective. As another example, one of the struts may include a temperature 
compensating valve body as known in the strut art, while the other strut is a less 
expensive ordinary gas strut. 

[0058] Figure 1 OA is a perspective view of the gearbox 36 and the rotating arm 
40 mounted thereon. Figure 10B is an exploded view of the gearbox 36. As shown 
in Figures 10A and 10B, the gearbox 36 has a housing 100 in which the gearing 
components fit. The flexible shaft 38 enters the housing 100 from the left (as shown 
in the figure), terminating in a worm shaft portion 102. The flexible shaft 38/102 
passes through a bearing plate 104, and rests on a bearing 106 thereof. The shaft 
38/102 passes through a short bushing 108, a worm 1 10, and a long bushing 112. 

|0059| In this exemplary arrangement of the gearbox 36, the worm shaft portion 
102 is in mechanical driving communication with worm 1 10. The worm 1 10 drives 
a worm engaging gear 1 14, which in turn drives a spur gear 116 that is mounted on a 
gear box compound shaft 118. Also mounted on the compound shaft 118 is a spur 
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gear 120, which is of smaller diameter than spur gear 116. The spur gear 120 is 
connected to and moves coincidentally with the spur gear 116, driving another spur 
gear 122 that is mounted on a main shaft 124. The communication and motion of 
the gears 1 14, 1 16, 120, 122 provides the desired reduction in drive motor 34. 

[0060] As shown in Figure 10B, the main shaft 124, the shaft that communicates 
with the rotating arm 40, passes through a bearing 106. The main shaft 124 includes 
a keyed portion 126, and the rotating arm 40 has a hole 128 corresponding to the 
keyed portion 126. The rotating arm 40 is mounted onto the main shaft 124, 
engaging the keyed portion 126, and is secured to the keyed portion 126 of the main 
shaft 124 with a set-screw or other fastener 129 (the fastener 129 is best seen in 
Figure 10A). Various spacers 130, bearings 132, and bushings 134 complete the 
gear assembly of the gearbox 36. 

[0061] Another embodiment of the invention is illustrated in Figure 23, a rear 
perspective view of an automobile 10 having a rear assembly 150. The rear 
assembly 150 is substantially similar to the rear assembly 12 illustrated in Figure 1. 
However, the power operated system 152 of the rear assembly 150 uses two drive 
motors 135 to drive the struts 30, one drive motor 135 coupled to each of the struts 
30. Specifically, the drive motors 135 of the illustrated embodiment connect to 
reducing gearboxes 136, each of which provides a rotatable shaft that is connected to 
an associated one of the rotating arms 40, as described above. The movement of the 
two struts 30 produced by the two drive motors 135 may or may not be coincidental 
and/or synchronized in nature, although in the following disclosure, it will be 
assumed that the movement is coincidental and synchronized. Therefore, the 
movement sequence of the door 18 of this embodiment is as shown and described 
with respect to Figures 2-9. 

[0062] The embodiments illustrated in Figures 1 and 23 function in essentially 
the same way, although the embodiment illustrated in Figure 23 may have certain 
advantages with respect to certain automobiles. As described above, the "packaging" 
(i.e., installation process and space requirements) of a power operated system 32, 
1 52 are considerations in its design. It is generally desirable that the components of 
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the power operated system 32, 152 be installed in easily accessible locations such 
that relatively little modification to the automobile 10 is necessary in order to install 
the power operated system 32. For example, in Figure 1, the power operated system 
32 is installed in the roof of the vehicle, and it is assumed that space is available in 
that location. However, if space is not available to install the power operated system 
32 in the roof of the vehicle, the arrangement of the power operated system 152 
shown in Figure 23 may be used. 

[0063] In rear assembly 150 shown in Figure 23, the power operated systems 
152, including the motors 135 and gearboxes 136, are installed in the rearward-most 
pillar 160 of the vehicle 10. The rearward-most pillar may be, for example, the "D" 
pillar of the vehicle 10, depending on the particular vehicle 10. In this embodiment, 
the strut 30 extends from a rearwardly facing longitudinal channel 162 provided in 
the rearward-most pillar 160 (the right-side longitudinal channel 162 is visible in 
Figure 23). The arrangement of the rearward-most pillar 160 and longitudinal 
channel 162 will be described in more detail with respect to Figures 24 and 25. 

|0064] An advantage of mounting the motor 135 and gearbox 136 within the 
confines of the rearward-most pillar 160 is that the same vehicle frame can be used 
for both manual and automatic rear door platforms. Particularly, because the same 
structure can be used whether the strut 30 is mounted to a rotating arm 40 or a fixed 
point relative to the rearward-most pillar, the frame structure and interior panels can 
be the same for both manual liftgate and automatic liftgate versions of the vehicle 
10, thus reducing the tooling costs of the vehicle frame and panels. 

[0065] Figure 24 is a sectional view of the rearward-most pillar 160, taken 
through line 24-24 of Figure 23, illustrating the arrangement of the power operated 
system 152. As shown, the rearward-most pillar 160 is generally "C-shaped" such 
that it is provided with a rearwardly facing longitudinal channel 162 that receives at 
least a portion of the strut 30 and at least a portion of the rotating arm 40 when the 
door 18 is in the fully closed position. A motor 135 and gearbox 136 are mounted 
within the confines of the rearward-most pillar 160. The gearbox 136 drives a 
rotatable shaft 124 that extends through a portion of the pillar 160, shown as hole 
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166 in Figure 24, so as to extend into the channel 162 and be connected with the 
rotatable arm 40. Positioning of the struts 30 at least partially within the channels or 
recesses formed in the rearward-most pillar 160 when the door 18 is closed is 
advantageous in packaging and positioning the struts 30. A molded panel 164 
covers the rearward-most pillar 160 towards the interior 16 of the vehicle 10. 

[0066] Figure 25 is an exploded view of a portion of the rearward-most pillar 
160 illustrating the installation of the power operated system 152 within the pillar 
160. A lateral face 168 of the pillar 160 is removed to allow for the installation of 
the power operated system 152, providing an accessway 168 to the interior of the 
pillar 160. The power operated system 152 is installed within the pillar 160 such 
that the shaft 124 of the gearbox 136 extends through hole 166. Within the channel 
162, the rotating arm 40 provides connecting structure, which in this case is hole 
123, for connection to the strut 30 and connecting structure, in this case hole 128, for 
connection to the shaft 1 24. 

[0067] Another aspect of the present invention relates to the relative positioning 
of the opposite ends of the strut. When the door 18 is closed, a first end (at axis 44) 
of the strut 30 is mounted to the rearward-most pillar 160 at a relative vertical 
position or height that is above the second end (at axis 42) of the strut 30 (e.g., see 
Figure 2). During the opening of the door 18, under the mechanically advantaged 
forces discussed herein, the second end of the strut is raised and winds up at a 
position higher than that of the first end (e.g., see Figures 5 and 6). 

[0068] As noted above, the power operated system 32, 152 includes an 
electronic control system 41, 141 that is disposed within the automobile 10. The 
operation of the electronic control system 41, 141 is described later in this 
specification. It can be appreciated that the electronic control system 41, 141 may 
also be considered to be a separate component that interfaces or communicates with 
the drive motor 34, 135 of the power operated system 32, 152. 

Operation Sequence of the Strut Assembly 
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[0069] The motion and bias of the strut 30 are better illustrated in Figures 2-9, in 
which the positions of the strut 30 and rotating arm 40 are shown in detail. Figures 
2-9 illustrate an embodiment in which the movement of the two struts 30 is 
coincidental. Therefore, although only one side of the rear assembly 12 is shown, it ' 
may be assumed that the strut 30 on the other side of the rear assembly 12 is 
undergoing substantially identical motion. Additionally, although the arrangement 
of the power operated system 32, 152 differs in the embodiments illustrated in 
Figures 1 and 23, the movements illustrated in Figures 2-9 may be carried out in 
substantially identical fashion by the power operated systems 32, 152 of both 
embodiments. 

|0070] In Figure 2, the door 1 8 is in a closed position. The strut 30 is in a 
compressed state. As shown in the Figure, in this "at rest" or "home" position, the 
opposite pivot axes 42 and 44 of strut 30 and the pivot axis of hinge assembly 20 are 
co-linear or in alignment with one another. The imaginary line extending between 
the mobile pivot axis 44 of the strut 30 and the pivot axis 46 for the control arm 40 
extends at an angle of about 45" to an imaginary vertical line. In this position of the 
arm 40, when the system is at rest, the strut 30 has minimal or substantially no 
mechanical advantage for opening the door 18. Therefore, the leveraged weight of 
the door 18 is much greater than the effective force provided by the struts 30. The 
struts 30 are compressed by the weight of the door 18 while the door 18 remains in 
the closed position. Because the weight of the door 18 is much greater than the 
effective force provided by the struts (in the illustrated position), the door 18 will 
remain in the closed position for as long as the position/orientation of the struts 30 is 
unchanged, even if the door 18 is unlatched. That is, while door 18 may be latched 
and unlatched into and from the closed position by the latch 24 and latch striker 26, 
the door 1 8 remains in the closed position irrespective of whether or not it is latched 
because of the angular orientation of the struts 30. The angular orientation of the 
struts 30 is determined by the position of the rotating arms 40. In the "at rest" or 
"home" position shown in Figure 2, the mobile pivot axis 44 for the strut is located 
where a strut pivot axis would be located in a conventional manual strut-mounted 
rear liftgate, and provides mechanical advantage similar to that of a manual liftgate 
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system. Therefore, while the rotating ami 40 is in the "home" position, the door 18 
may be opened entirely in manual mode, without use of the power operated system 
32, 152. The mobile pivot axis 44 will be disposed in this same 
"home" position when the door 18 is fully opened (e.g., see Figure 6), irrespective of 
whether the door 1 8 has been moved to the fully opened position manually, or by 
operation of the power operated system 32, 152. Thus, when the door 18 is fully 
opened, The mobile pivot axis 44 will be located where a strut pivot axis would be 
located for a conventional manual strut-mounted rear liftgate. Therefore, the vehicle 
door 1 8 may also be closed entirely in manual mode, without use of the power 
operated system 32, 152. 

[0071] To open the door 18 using power operated system 32, 152 the door 18 is 
unlatched (either automatically or manually) and the rotating arms 40 are moved 
away from the "home" position illustrated in Figure 2 to change the mechanical 
advantage of the struts 30. That is, to open the door 18 after it is unlatched, the 
rotating arms 40 are moved into a position that geometrically favors a door lifting 
action for the strut 30, by the mobile pivot axis 44 of each strut 30 being moved 
such that the stmts each have a greater mechanical advantage for door-lifting action 
and exert a greater effective lifting force or moment arm on the door 18. As the 
effective exerted force or moment arm of the struts 30 on the door 18 increases, that 
exerted force/moment arm eventually becomes larger than the downward 
gravitational force on the door 18. Thus, the compressed air and/or springs within 
struts 30 begin to uncompress, providing the required energy for pushing the door 18 
toward the open position. For purposes of this description, the orientation or 
positioning of the struts 30 when the angular position of the rotating arms 40 
(particularly pivot axis 44 thereon for mounting the struts 30) allows the struts 30 
enough mechanical advantage to push the door 18 open is herein referred to as the 
door-raising relation of the strut or struts 30. 

[0072] Figure 3 illustrates the movement of the rotating arm 40 and strut 30 into 
door-raising relation. To establish the door-raising relation, the rotating arm 40 is 
rotated in a clockwise direction with respect to the figure, away from the neutral 
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position of Figure 2. The precise amount of arm rotation that is required to place the 
strut 30 in door-raising relation varies with the type of automobile 10 in which the 
system is installed. In one example, the amount of arm 40 rotation is approximately 
45 degrees from the neutral or at-rest position. 

[0073] As the rotating ami 40 is rotated, the position of the mobile pivot axis 44 
relative to the pivot axis for hinge assembly 20 provides increasingly greater 
mechanical advantage or moment arm to the strut 30, and the compressed gas and/or 
springs within the struts thus provides a force sufficient to overcome the weight bias 
of the door 1 8. As the mechanical advantage of the strut 30 is increased, it begins to 
extend and to push the door 1 8 open. 

|0074| Additionally, movement or back and forth cycling of the rotating arms 40 
may commence prior to unlatching the door 18 in order to lubricate (or "unstick") 
the internal works of the piston/cylinder arrangement of the arms 40, and also to 
provide a "boost" to the initial opening of the door 18, particularly if the vehicle 10 
is tilted or inclined. These features will be described in more detail below. 
Depending on the system and particular operating conditions, the door 18 may also 
be unlatched prior to any movement of arm 40. 

|0075] The rotating arm 40 may initially remain in the position illustrated in 
Figure 3 while the strut 30 extends and moves the door 18 towards the open 
position, as illustrated in Figure 4. Alternatively, the rotating arm 40 for one or both 
struts 30 may actively move and include instantaneous periods of stoppage or even 
instantaneous reverse movement during the initial opening process, depending on 
the particular geometries involved and feedback received by the controller 41. 
Feedback control of the power operated system 32, 152 would be based on the door 
position and/or speed, as may be determined by a door position detector, such as an 
angular position encoder in the hinge assembly 20 or an inclinometer in the door 18. 
These devices will be described in more detail below. 

[0076] In the position illustrated in Figure 4, the strut 30 has reached the limit of 
its extension. To move the door 18 into a fully open position with respect to the 
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frame 14, the rotating arm 40 is moved back toward the original "home" position of 
Figure 2 by a rotation of the arm 40 in a counterclockwise direction with respect to 
the figure to push the door 1 8 through the final portion of travel. This movement is 
illustrated in Figure 5. The fully open position of the door 18, with the strut 30 fully 
extended, is illustrated in Figure 6. 

10077] In Figure 7, the first steps of the door-closing process are illustrated. The 
strut 30 is moved into an initial door-closing relation by clockwise rotation (e.g., 
45°) of the rotating arm 40 with respect to the figure. In this position, the position of 
mobile pivot axis 44 relative to the hinge assembly 20 axis is such that the 
mechanical advantage or moment arm of the strut 30 is eroded, and the force 
provided by the strut 30 is overcome by the gravitational force acting on the door 18. 
The orientation or positioning of the struts 30 when the angular position of the 
rotating ami 40 reduces the mechanical advantage or moment arm of the struts 30 
relative to the door 1 8 so that the weight of the door moves the door 18 towards the 
closed position is referred to as the door-lowering relation of the strut or struts 30. 
To establish the door-lowering relation, the rotating arm 40 is rotated so that it 
reaches a position that is, for example, 1 80-degrees displaced from the neutral or 
"home" position, as illustrated in Figure 8. 

|0078| Once the rotating ami 40 has reached the position illustrated in Figure 8 
(axes 20, 44, and 42 being aligned), the strut 30 has substantially no mechanical 
advantage, and the door 1 8 moves into a closed or near closed position, falling under 
its own weight. One of skill in the art will appreciate that when the weight of the 
door 18 overcomes the force provided by the struts 30, the door 18 may fall very 
quickly into the closed position if the door closing action is uncontrolled. This type 
of quick door movement is generally undesirable, as it provides little time to clear 
obstacles that may be present in the path of the door. Likewise, if the ascent of the 
door 1 8 is too quick, similar problems may arise. Small movements or oscillations 
of the arm 40 may be used to control movement of the door 1 8 to prevent such rapid 
door movements. 
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[0079] Preferably, the movement of the door 18 is controlled by the electronic 
control unit 41, 141 and power operated system 32, 152 and, if two 
noncoincidentally-moving stmts are used, by the noncoincidental or asynchronous 
motion of the struts 30, to produce smooth, controlled door motion, preferably at a 
substantially constant velocity for most of the doors path of travel. Smooth, 
controlled door motion is also desirable for commercial reasons, as the performance 
of a rear assembly 12 in which door velocity is carefully controlled may exceed that 
of a conventional powered system, while using far less energy. Additional control 
techniques of door 1 8 will be discussed in greater detail later. 

[0080) The final steps of the closing sequence, which are illustrated in Figures 8 
and 9, depend on what type of latch assembly 22 is installed in the rear assembly 12. 

[0081] If a completely mechanical latch assembly 22 containing no powered 
actuator is installed, the rotating arm 40 would rotate clockwise as shown in the 
figures about the ami pivotal axis 46, thus returning to the neutral or original 
position. The rotation of the rotating arm 40 clockwise (as shown) back to the 
neutral position, together with the weight of the door, causes an inward force to be 
applied, forcing the door 18 towards the frame 14 (as indicated by arrow F in Figure 
9). This inward force will be sufficient to cause an unpowered latch 24 and latch 
striker 26 to engage and releasably lock the door 18 in a closed position. In general, 
when the mobile pivot axis 44 of the strut 30 is positioned outwardly of a line of 
action between the hinge 20 and static pivot axis 42 (illustrated as a dotted line in 
Figure 9), the line of action of the strut causes a positive, door closing force to be 
applied to the door 18. 

[00821 The latch assembly 22 that is installed in the rear assembly 12 may 
include a powered latch assembly or cinch latch, as discussed above. If such a 
powered mechanism is installed, it may only be necessary for the clockwise rotation 
of the rotating arm 40 and weight of the door 18 to move the door 18 close enough 
to the fully closed position to enable the powered latch 24 to take over the closing 
action and to cinch the door 18 into sealed, locked relation. 
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|00831 It is anticipated that the geometry of the system, angular positions and the 
length of the rotating arm 40, will be varied depending on the particular automobile 
10 in which the system is installed. The arm length variation may be accomplished 
by manufacturing rotating arms 40 of different lengths based upon the vehicle, or it 
may be accomplished by a mechanism to adjust the length of the rotating arm 40 
based upon the vehicle. In another contemplated embodiment, the rotating arm 40 
may be in the form of a linear actuator, so that the mobile pivot axis 44 is capable 
not only of rotating about static pivot axis 42, but can also translate linearly based 
upon extension or contraction of the linear actuator-forming rotating arm 40. This 
would provide added flexibility as to the positioning of mobile pivot axis 44 during 
operation. It should be understood that the rotating arm 40 can be any mechanical 
structure, such as a disk or other geometric shape, that provides a lever or spaced 
interconnecting structure between the end of the strut 30 and the input rotation 
provided by the motor. 

[00841 In the embodiment described above, the mechanical advantage of the 
strut assembly 28 is adjusted by moving the mobile pivot axis 44 along a circular 
path using the rotating arms 40. However, the motion of the mobile pivot axis 44 
need not be circular or rotational to achieve the desired change of mechanical 
advantage of the strut assembly 28. Alternatively, the motion of the mobile pivot 
axis 44 could be accomplished, for example, with a two degree of freedom (i.e., two- 
axis) linear actuator or by guiding the mobile pivot axis 44 of the struts 30 along a 
track. If a two-axis linear actuator is used to move the strut assembly 28, the door- 
raising and door-lowering relations of the assembly 28 could be established, for 
example, by vertical and horizontal movements of the linear actuator to change the 
location of mobile pivot axis 44 in a desired fashion. If a track is used, the track 
need not be linear but can be arcuate, closed loop, or of any desired configuration. 
The track would guide a motor driven movable mounting structure movable along 
the track. The mounting structure would carry the mobile pivot axis 44 of the strut 
30 to position the mobile pivot axis 44 as desired. 
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|0085| In the door articulation sequence described above, the door 18 falls 
closed under the influence of gravity, as is illustrated in Figure 8. As was noted 
above, if the two struts 30 are not moved coincidentally, the non-coincidental 
movement of the two struts 30 may be used to provide a more controlled closing 

sequence for the door 1 8. 

[0086] The geometries and strut angular orientations described above may need 
to be modified according to the ambient temperature in which the automobile 10 is 
operating. In particular, if the strut 30 is a gas strut, the amount of force output by 
the gas strut is temperature dependent, as described by the Ideal Gas Law, which 
governs the relationship between the pressure of a compressed gas and the ambient 
temperature. Modifications to the movements illustrated in Figures 2-9 will be 
described in more detail below. 

[0087] If modifying the movement sequence of the system is not desirable or 
possible, it may be possible to heat the struts 30 to a constant temperature. This may 
be done, for example, by installing small resistance or thermoelectric effect heaters 
on or near them. 

Control of the Strut Assembly 

[0088] As was described briefly above, the rear assembly 12 is designed to 
operate under the control of an electronic control system or controller 41, 141. In 
general, the electronic control system may have up to four functions: (1) moment-to- 
moment feedback control over the position of the door, (2) control of the rate of 
door ascent and descent, (3) obstruction detection, and (4) detection of potentially 
adverse environmental conditions. The control system 4 1 , 1 4 1 may be independent 
of the power operated system 32 or considered part thereof. The functions of the 
control system may also include compensation for ambient temperature and other 
environmental considerations. 

[00891 In order to develop appropriate control algorithms for the power operated 
system 32, 152, tests were performed to determine the effects of varying 
temperatures on the struts 30 in a power liftgate system according to embodiments 
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of the invention. Temperature change testing was performed on mini vans in which 
a powered liftgate system generally in accordance with the embodiment shown in 
Figure 23 was installed. The test system was cycled through movements similar to 
those illustrated in Figures 2-9. 

[0090| At room temperature, the liftgate 12 opened at an acceptable speed with 
the motor 40 at full power (i.e., speed) during all movements. To begin the opening 
sequence, the rotating arms 40 were rotated clockwise approximately 90° relative to 
the "home" position, after which the latch assembly 22 was released. Immediately 
after latch release, the rotating arms 40 were rotated back to the "home" position. 
This test was repeated in high heat conditions, during which the opening sequence 
logic of the control system remained the same. In high heat, the door 18 opened 
faster, because the higher temperatures increase the gas pressure of the struts 30, 
causing them to expand more forcefully against the weight bias of the door 18. 

100911 Conversely, a cold environment was found to slow the expansion of the 
struts 30, because the struts 30 have lower gas pressures in a cold environment. To 
compensate for the slow expansion rate of the struts 30 in the cold environment, the 
rotating arms 40 were paused after the initial 90° clockwise rotation and latch release 
in order to allow the struts 30 to extend. Once the struts were fully extended, the 
rotating amis 40 were returned to the "home" position. The tests demonstrated that 
if the system is not paused in cold temperatures so that the struts 30 can extend, the 
door 1 8 may re-close from its partially open position. 

|0092 1 During the closing segment of the cycle at room temperature, the rotating 
amis 40 were rotated to clockwise to a position 195° relative to the "home" position. 
It should be noted that when the system is at rest or in the neutral "home" position at 
which the pivot axes 42, 44 and 20 are aligned, the arm 40 (or, more precisely, the 
line extending between points 44 and 46) extends downward and rearward at an 
angle of about 45" to vertical, in order to establish a positive closing pressure and 
assist the manual and automatic closing of the door 18. At the 195° position of the 
rotating arms 40, the speed of the motors 135 is modulated to 55% in order to ensure 
that the movement of the ami 40 is slightly slower than that of the door 18 as the 
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door 18 reacts to the force of gravity. When the door 18 reaches a "hanging- 
position, the motor 135 returns to full power as the arm 40 rotates through the most 
body-out position of its arc, giving enough force to ensure that the latch 24 is pushed 
onto the latch striker 26. When the latch assembly 22 is engaged, the arm 40 sweeps 
through its final arc area back to the "home" position with the motor 135 at full 
power. 

|0093| For the closing sequence in cold temperatures, the rotating arms 40 were 
rotated clockwise to a position of approximately 170° from the "home" position, at 
winch point the motor rotation speed was reduced to 55% to slow the rotating arms 
40 and follow the door close swing progression. For the closing sequence in hot 
ambient temperatures (e.g., 65" C), the rotating arms 40 were rotated clockwise to a 
position of approximately 220° from the "home" position and the motor rotation 
speed was not reduced. The higher strut 30 gas pressures caused by the high 
temperatures created more of a delay in the reaction of the door 18. Therefore, a 
higher rate of arm speed was needed to keep pace with the door close swing. The 
remainder of the cycle, the push close and the return to the "home" position at full 
motor speed remained the same for all temperature conditions. However, in order to 
speed up the time between cycles, it may be desirable to speed up the motor to over 
100% or beyond the "normal" rotation speed in order to shorten the return time to 
the "home" position. 

[0094] The control system that is implemented to control and direct the rear 
assembly 12 may vary from simple to complex, and may draw upon many types of 
sensing technolog.es. The actual control system that is implemented would depend 
upon how many aspects of the system are to be controlled, and upon the desired cost 
of the system. In the control scenarios given above, the speed of the motor 30 is the 
primary factor that is controlled to maintain the speed of the door 18 within a desired 
velocity profile. However, as will .become apparent from the following description, 
there are many other ways in which the struts may be controlled. 

100951 As shown in Figure 11, the rear assembly 12 may include more 
sophisticated struts 230 that are electronically controlled locally or internally. The 
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local strut control system 200 is directed by an electronic control system or 
controller 202. The electronic control circuit 202 may take the form of analog or 
digital circuitry, a microprocessor and associated components, an ASIC, a general- 
purpose computer installed in the motor vehicle 10, or any other suitable electronic 
mechanism. The electronic control circuit 202 may be integrally formed as part of 
the electronic control system or controller 41. Alternately, the electronic control 
circuit 202 may be entirely independent of controller 41, in which case it may 
optionally communicate with controller 41 . In this embodiment, struts 30 of the strut 
assembly 28 are coupled to the electronic control circuit 202, and each strut 230 
includes an internal or local rate control structure 204 constructed and arranged to 
stop the movement of the door 1 8 upon sensing of a predetermined condition. 

|00961 The rate control structure 204 may be any conventionally known rate 
control structure compatible with the struts 230. In one embodiment, as shown in 
Figure 14, the rate control structure 204 is a restricted orifice assembly that includes 
a sensor for sensing the speed of the door 18. When the speed is too fast, the 
internal strut orifice is restricted, thus stopping movement of the door 18. 
Alternatively, or in combination with this orifice restriction, when the internal strut 
sensor determines that the door 18 is moving too rapidly, the electronic control 
circuit 202 can send a signal to the drive motor causing the drive motor 34, 135 to 
reverse directions, thus causing the door 18 to lift again. Similarly, if it is detected 
that the door closing operation is stopped or slowed abruptly, the motor 34, 135 will 
reverse as the controller 202 assumes that an obstruction is present. 

10097) In this embodiment, the control system 200 may also include one or more 
separate obstruction sensors 206 coupled to the electronic control circuit 202. The 
obstruction sensor 206 provides the electronic control circuit 202 with a simple and 
direct way to determine whether an obstruction is present in the path of the door 18. 

|0098J The obstruction sensor 206 may be a proximity sensor of an infra-red or 
ultrasonic type that is positioned as shown in Figure 12, so that it covers a detection 
range encompassing the entire range of movement of the door 18. During the 
opening and closing of the door 1 8, the control circuit 202 monitors the output of the 
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obstruction sensor 206. If the obstruction sensor 206 detects an obstruction 208, 209 
in the path of the door 18, an electrical signal is sent to the electronic control circuit 
202. The control circuit 202 then activates the rate control structure 204 of the struts 
230 until the obstruction 208 is removed. Additionally or alternatively, a traditional 
Hall Effect sensor and/or current sensor may be included in the drive motor 34 as 
known in the art so that the motor 34 can be stopped or reversed if the door 18 
impacts an obstruction 208. 

10099] The infra-red or ultrasonic "curtain" approach taken in the embodiment 
of Figure 12 is particularly useful for detecting and avoiding large objects placed in 
the path of the door 18. It may also be useful with particularly heavy doors 18, or 
with strut assemblies 28 that cause the door 18 to move at a high velocity. 

100100] In another embodiment, the obstruction sensor 206 is or includes a 
"pinch bar" of known construction installed along the edge of the frame 14. This 
conventional pinch bar detects an object being pinched between the vehicle door 18 
and body and sends a signal to control circuit 202. The control circuit 202 then 
sends a signal to motor 34, 135 to reverse the motor and change its direction from 
the door closing to door opening direction. Alternatively, or in combination with the 
aforementioned motor reversal, the control system sends a signal to control structure 
204 to stop strut extension. This prevents the door 18 from closing on smaller 
obstructions placed between the frame 14 and the door 18. 

100101] The door assembly 12 may not require an ultrasonic or infra-red 
obstruction sensor, because door assemblies 12 according to the present invention 
inherently possess some advantageous obstacle avoidance features, such as the lost 
motion feature discussed previously. In another alternative embodiment, if the door 
18 falls shut on an obstacle and the drive motor or motors 34, 135 continue to run, 
the rotating arms 40 will eventually be rotated back into a position, which gives the 
struts 30 mechanical advantage, causing the door 18 to open again. The motor 
velocities can be chosen such that if an obstruction is present, the door 18 closes on 
the obstruction for only a few seconds before automatically opening again. 
Moreover, because the door 1 8 falls shut under the influence of gravity (rather than 
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being driven shut by a motor), because the driving force of motor 34, 135 is to some 
extent decoupled from the door 18 through the lost motion provided by compression 
or expansion of the strut spring, and because the weight of the door 18 is closely 
balanced by the bias of the struts 30, the door 18 would not exert great force if it 
struck an obstruction. 

[00102] Obstruction detection may be based on the amount of load placed on 
the door 18, or it may be based on the velocity at which the door is traveling. The 
particular sensed loads and velocities at which obstruction-avoidance features are 
triggered may vary with the specifications of the particular sensors that are used and 
the various jurisdictional safety requirements. However, with load-sensing 
technology, which is generally relatively insensitive, a detected load of about 225 N 
would be appropriate to cause the door 1 8 to reverse direction or otherwise trigger 
obstruction avoidance. Using door velocity detection, the door 18 may be caused to 
reverse direction after having a load exerted on it of as little as 15 N. "Pinch bars" 
of the type described above typically use a force on the order of 45 N as a threshold 
to cause the door 1 8 to reverse direction. 

|00103] In another embodiment of a strut control system 300 that is shown 
schematically in Figure 13, the struts 330 include strut rate control structure 332 for 
controlling the rate of movement of the door 18 according to electric signals from 
the control circuit 202 (and/or 41). In this embodiment, the strut rate control 
structure 332 includes a rheological fluid disposed within the struts 330 and coupled 
with an electric or magnetic field generator 334 that is also disposed within the struts 
330. If rheological fluid rate control structure 332 is used, the rate of extension or 
contraction of the strut 330 would change in response to the application of an 
electric or magnetic field (depending on the particular type of rheological fluid that 
is employed). Alternately, the rate control structure 332 may include both 
rheological fluid and a restricted orifice, such that the viscosity of the rheological 
fluid is changed by application of an electric or magnetic field at the restricted 
orifice. In either case, the rate control structure 332 allows electronic control of the 
struts 330, particularly to stop movement of the struts in the event an obstacle is 
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detected or when the speed of the door 1 8 is determined by the electronic control 
system to be either faster or slower than a predetermined threshold speed. 

100104] In another embodiment of the strut control system 400 that is shown 
schematically in Figure 14, the rate control structure 432 of the strut 30 may 
comprise a restricted orifice structure, in which the rate of extension or contraction 
of the strut would be determined by the rate at which a fluid disposed within the 
stmt 430 flows through the restricted orifice structure 432. 

[00105] In either of the previous two embodiments of the present invention, 
the drive motor 34 may also include a conventional regulator structure to regulate its 
movement rate, thus changing the rate of movement of the door 18. If the drive 
motor 34 does include such regulator structure, it could be electrically or 
mechanically coupled to the control system 41/202. 

[00106] A liftgate control system 500 is shown in Figure 15. The control 
system 500 may include a number of features designed to adapt the system for 
different automobile conditions and different user preferences. As shown in Figure 
15, the control system or controller 502 is a microprocessor or other type of central 
processing unit and functions as discussed previously with respect to controller 41 
and/or 202 in the previous embodiments. The microprocessor 502 may be coupled 
to a memory storage unit 504, such as an erasable programmable read only memory 
(EPROM), which contains the instructions necessary for the microprocessor 502 to 
direct the movement of the door 1 8. 

[00107] The embodiment of Figure 15 includes the features of the previous 
embodiments. The microprocessor 502 is constructed and adapted to control the 
speed and direction of the drive motor 534, and may also control strut rate and stop 
structure 204 if provided as discussed previously. The strut assembly 28, to stop 
the movement of the door 18. to effect a change in the rate of movement of the door 
18. or to selectively execute portions of the movement sequence of the strut 
assembly 28. 



3255309 2 28 Clark Hill PLC 

] 9357-095242 G - Gabo ' R ' Asher 

702757 US 

FILED ON SEPTEMBER 29. 2003 



[00108] Another aspect of the present invention is that the microprocessor 
502 is configured to compensate for external or environmental conditions, which 
may effect the performance of the assembly 12. Conditions of interest may include 
the external temperature and the tilt or relative angle at which the automobile 10 is 
parked. 

[00109] As shown in Figure 1 5, the microprocessor 502 is preferably coupled 
to a plurality of sensors including obstruction sensor 206, at least one door position 
sensor 506, at least one temperature sensor 508, and at least one tilt sensor 510. The 
microprocessor may receive signals from the obstruction sensor 206, door position 
sensor 506, temperature sensor 508 and tilt sensor 510. It will be appreciated that 
any one of these inputs to the microprocessor may be eliminated or modified. Input 
from the sensors 206, 506, 508, 510 allows the microprocessor 502 to alter the 
performance of the system 500 in accordance with the conditions to which the 
automobile 10 is subjected. 

[001 10] The obstruction sensor 206 and obstruction avoidance features of the 
assembly 12 were discussed in detail above, and this embodiment may include any 
of the various sensing mechanisms that were discussed. The obstruction sensor 206 
of this embodiment includes three obstruction detection mechanisms incorporated 
into the same vehicle, including (1) a pinch bar, (2) door velocity detection and 
motor 34 reversal when it is determined that the door 18 is moving too quickly or 
too slowly, and (3) a current sensor for motor 34, 135 which detects a current spike 
during the beginning of a closing operation when an obstruction contacts the door 
and subsequent reversal of motor 34, 135. The current sensing feature indicated 
above is desirable because when the door 18 is fully opened, the struts 30 are fully 
extended (i.e., the pistons are fully withdrawn from the cylinders), and thus, an 
obstruction present at the beginning of a closing operation would not see the benefit 
of any lost motion or "play" resulting from the resiliency of the gas spring or other 
spring within the struts. 

100111] The door position sensors 506 allow the microprocessor 502 to 
determine the position of the door 18 during movement, and to compare the position 
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of the door 18 with the information stored in the memory storage unit 504 to 
determine whether the door 18 is in the proper position at each stage of the 
movement process. If two drive motors 534 are used in the system, one motor 534 
to control each of the two stmts 530, then at least one door position sensor 506 
would preferably be installed for each motor, so that the motion of the two motors 
534 can be coordinated by the microprocessor 502 to achieve the desired movements 
of the two struts 30. 

[001 12| By comparing the input from the position sensor 506 with the stored 
instruction set in the memory storage unit 504, the microprocessor 502 can 
determine the rate at which the door 18 is moving, and can then actuate the drive 
motor 534 to change the rate of movement of the door 18 as needed. Additionally, it 
may be advantageous to define different movement rates for the door 18 during 
different portions of the operational sequence, for example, it may be advantageous 
to program the microprocessor 502 such that the door 18 opens quickly and closes 
more slowly. Or it may be desirable, for example, for the door to close more rapidly 
during the beginning of the closing cycle and then close more slowly towards the 
end of the closing cycle. It may also be desirable for the door to open slowly, then 
speed up for an interval, and then slow again towards the final closing stages. 

|00113] The door position sensor 506 can be an angle encoder associated 
with the hinge assembly 20 or inclinometer mounted on the door 18 as will be 
discussed later. 

|00114] It is contemplated that the position sensing function could alternately 
be performed by determining the amount of load on the struts 30 during a portion of 
the operational sequence of the assembly 12 and comparing the measured loads to 
information stored by the microprocessor 502. The load on each of the struts may 
be measured in several ways, including measuring the gas pressure inside a gas strut 
(with a strain gauge or piezoelectric sensor) or directly measuring the load using a 
load cell or other load transducer. The position sensor 506 may be any sensor that 
either directly or indirectly provides the microprocessor 502 with data on the 
position of one or both of the struts or the door 18 itself. 
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|00115] The microprocessor 502 is preferably also coupled to a temperature 
sensor 508 and at least one tilt sensor 510. Some vehicles are already provided with 
a tilt sensor, used for various vehicle functions. The input from the temperature 
sensor 508 allows the microprocessor 502 to determine whether the movement 
sequence of the strut assembly 28 and the door 18 need to be adapted, for example, 
to compensate for the performance change of a strut 30 on a particularly hot or cold 
day, causing resultant expansion or contraction of the gas within the struts 30. For 
example, on a particularly cold day the gas within struts 30 will not exert as much 
opening spring force as on a hot day. Thus, the temperature sensor will send an 
appropriate signal to the microprocessor to alter the standard motor 34 action to 
accommodate the change in temperature. 

[001 1 6| The input from the tilt sensor 510 allows the microprocessor 502 to 
determine whether the automobile 10 is sitting on an inclined surface. Because the 
movement of the door 18 is weight-biased, the angle at which the automobile 10 is 
tilted or inclined can have an effect on the performance of the system. The 
instructions stored in memory storage unit 504 include instructions for altering the 
movement rate or angular orientation of the strut assembly 28 in order to 
compensate for the tilt that is reported by tilt sensor 510. 

[00117] It is also contemplated that a plurality of tilt sensors 510 could be 
installed at various points in the automobile 10 to monitor the tilt of the automobile 
10 along a plurality of axes. If the microprocessor 502 is modified to accept tilt 
input from a plurality of tilt sensors 510, then the microprocessor may also be 
adapted to alter the performance of each individual strut 530 (e.g., increase the input 
power or rate of movement of only one stmt 530 to compensate for tilt). 

|00118] In one embodiment of the invention, a single tilt sensor 510 is 
employed in the liftgate control system 500. This tilt sensor is a micro- 
electromechanical (MEMS) inclination sensor, formed on a single integrated circuit 
(IC) chip. One example of a commercial sensor of this type is a MEMSIC 
MXlOlOxx acceleration measurement system (MEMSIC, Inc.). In this sensor, a 
centrally located heater resistor is placed between two tiny thermocouples. A small 
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gas bubble is entrained between the thermocouples. As the sensor tilts, the gas 
bubble changes position, and one of the thermocouples senses a change in the 
temperature profile. 

(001 19] The inputs provided by the sensors in this embodiment also allow the 
microprocessor 502 to determine whether the liftgate control system 500 and strut 
assembly 28 are performing optimally, and to compensate for changes in 
performance. If, for example, the microprocessor 502 determines that the rate of 
movement of both stmts 530 is below a desired rate, the speed of motor 34 could be 
increased to compensate for this performance change. 

[00120] The control system 500 may also be equipped with an additional 
feature to disable the strut assembly 28 and prevent movement of the door 18 if an 
extreme deterioration in system performance is encountered. For example, if the 
microprocessor implements several compensations (e.g. rate of movement increases) 
to compensate for poor performance and the performance does not reach the desired 
level, the microprocessor 502 could disable the system 500 and refuse additional 
commands to move the door 18 until maintenance is performed. The door 18 will 
then operate in a manual mode as discussed previously. 

100121] In Figure 15, the microprocessor 502 is coupled to a user input 
system 512. The user input system 512 accepts commands from the user and 
conveys those commands to the microprocessor 502. The user input system 512 
itself has two main components in this exemplary embodiment, a vehicle-mounted 
control panel 514 and a remote device 522. The vehicle-mounted control panel 514 
is shown in Figure 16. As shown, the control panel 514 includes three buttons, an 
open button 516 to open the door 18, a close button 518 to close the door structure, 
and a stop button 520 to halt the movement of the door 18 if necessary. The control 
panel 514 may also include a warning light 519 to indicate an obstruction or other 
disabling problem with the system. This vehicle control panel 514 may be mounted 
anywhere within the automobile. In addition, it is anticipated that multiple vehicle 
control panels 514 may be installed within the automobile 10 for user convenience. 
If multiple control panels 514 are installed in the automobile 10, the microprocessor 
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502 may be programmed to accept input from one control panel 514 preferentially, 
or it may accept input from all of the control panels 514. 

[00122| The remote device 522, as illustrated in Figure 17, is an infra-red or 
radio frequency transmitter of a type commonly known in the art. This remote 
device 522 may be a key fob, or a larger hand-held type of transmitter. The remote 
device 522 has the same three buttons 516, 518, 520 as the vehicle mounted control 
panel 514 and would be used to open the door 18 from a location outside of the 
automobile 10. The remote device 522 may include a warning light, depending 
upon the space available on the device 522. 

[00123] In any of the embodiments described above, either the user input 
system 512 or microprocessor 502 may be coupled to other sensors within the 
automobile 10. If either system 502 or 512 is coupled to other sensors within the 
automobile 10, either system may be configured to prevent movement of the door 10 
unless the automobile is in a stopped or a parked condition. This would prevent 
opening of the door 1 8 while the vehicle is in motion. 

Additi onal Sensing and Monitoring Techn ologies for Liftgate Control 

|00124] There are several door position sensing technologies that may be 
used to determine the position of the door 18 in rear assemblies 12, 152 according to 
the present invention. Generally, the objective of the door position sensor (or 
sensors) is to measure the angular position of the door 18 relative to the door frame 
14. The precise type of sensor that is employed may depend on whether or not the 
hinge assembly 20 of the door 1 8 is accessible and can be configured to interface 
with a rotary angular position encoder. The type of sensor that is employed may 
also depend on cost considerations, as positional encoders are generally expensive. 

[001251 If a rotary angular position encoder is to be used and the hinge 
assembly 20 is accessible, the shaft of the sensor or rotary encoder can be attached 
directly to the hinge to measure the rotation of the hinge or hinge shaft as a function 
of time. Alternatively, the rotary sensor could be assembled into a "pincher," 
"clothespin," or "scissor"-type sub-assembly. In this type of assembly, two "legs" 
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are provided. One of the legs of the sub-assembly is in contact with the moving 
door, while the other leg of the sub-assembly is held stationary against the chassis or 
door sill. As the door 18 moves, the rotary sensor, located between the two legs, 
rotates to determine relative angular movement between the legs as the legs are 
"pinched" shut, generating an output signal as a function of the angular movement. 
The output signal is received by a control unit to control the movement of door 18. 

[00126] A linear-type position sensor may alternatively be used. Suitable 
sensors include linear sensors, linear variable differential transducers (LVDTs), 
string potentiometers, and cable devices. To use a linear-type position sensor, the 
angular motion of the door 18 about the hinge assembly 20 could be mechanically 
converted into a linear motion detectable by the linear-type position sensor. The 
conversion of rotational into linear motion could be accomplished by an 
arrangement of cam lobes, cables, pulleys, or mechanical linkages of varying 
complexity. For example, a cable may be connected to the door 18 and trained 
about one or more pulleys mounted to the vehicle body. A linear sensor would 
measure the linear travel of the cable during opening and closing of the door and 
send a signal to a control system to determine the door position. The exact 
arrangement of the mechanical components would depend upon the requirements of 
the linear-type sensor, the amount of available space, and other factors. 

[00127| A linear-type position sensor is particularly useful in cases where the 
hinge assembly 20 of the assembly 12, or other another rotating part, is not directly 
accessible to or easily interfaced with a rotary encoder. Once an output signal is 
generated by the linear-type sensor, it may be recalibrated and linearized by a 
control system, using either a hardware-based or software-based mathematical 
algorithm. Because of the additional processing power required for this type of 
mathematical calculation, as well as the mechanical complexity of the translation 
system, a rotary-type sensor may be more easily implemented than a comparable 
linear-type sensor. In either case, the resulting output would preferably be 
descriptive of the angular position of the door as a function of time. , 
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[00128] The output signal may be either analog or digital, as may the output 
signals from the other components discussed above, depending on the nature of the 
microprocessor or electronic control system that is employed, and the amount of 
electrical noise in the system. Conversion between analog and digital signals, or 
vice-versa, may be accomplished by any number of known hardware technologies. 
Alternatively, in the case of a real-time or post-processing type of calculation, any 
number of known software techniques may be used as well. The conversion may be 
performed by an electronic control system, or by circuits or software inside the 
sensor itself 

[00129] If the electronic control system requires, or if it is desired, the output 
signal of door position versus time may be differentiated into a velocity, 
acceleration, or jerk signal. For example, a control unit may control the door 18 
based on a velocity signal, if the velocity of the door 18 is more easily determined. 
Alternatively, the position and time values could be used directly to determine 
velocity, without a mathematical differentiation process. 

[00130] Several additional types of technologies may be used for the door 
position sensor 506 to measure the position of the door 18. These sensor 
technologies include noncontact Hall Effect technology, noncontact compacitative 
technology, noncontact inductive technology, noncontact absolute optical encoder 
technology, noncontact incremental optical encoder technology, contacting linear 
variable differential transformer (LVDT) technology, contacting rotary variable 
differential transformer (RVDT) technology, contacting potentiometer or voltage 
divider technology (including resistive tape, foil, ink, and resistor-based 
technologies), and various combinations of the technologies above. 

[00131] Typically, the overall linear accuracy of a rotary sensor varies within 
the range of ± 3% for a lower-quality, potentiometer-based technology, such as a 
throttle position sensor (TPS). Mid-level potentiometer-based sensors have 
accuracies of about ± 1%, while more expensive sensors may have accuracies in the 
range of ± 0.5%. One particularly suitable rotary position sensor for use in the 
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present invention is a CTS© Single Ear Position Sensor (Small Engine Series) sold 
by CTS Automotive Products of Elkhart, Indiana. 

|00132] One difficulty with a rotary or linear sensor is that the sensor may 
detect minor deflections within the rear assembly 12 caused by component-to- 
component clearances, bending stresses, asymmetrical door loading, sudden wind 
loads, long term component wear, component aging, or improper tolerances during 
the initial assembly process. These may occur in either the door 18, or mating 
components of the vehicle 10. From the perspective of the hinge assembly 20, the 
minor deflections may be perceived to be actual door motion, leading to sensor 
inaccuracy. In addition, as the vehicle 10 ages, component wear increases and 
structural changes of the door or vehicle body become more likely, and therefore the 
door positional sensor may become more inaccurate. 

[00133] Another disadvantage of positional encoders is that they are relatively 
expensive and provide a level of precision that may not be necessary in a typical 
powered system 32, 152. Rather than using a positional encoder of the types 
described above, the position of the door 18 could be determined by using a 
combination of simpler, less expensive sensors. For example, the position of the 
door 1 8 could be determined by a Hall Effect sensor coupled to the motors and a 
"home" position sensor (e.g., a simple switch) to indicate when the rotating arms 40 
had reached the "home" or neutral position. 

[00134] Yet another alternative type of door position sensor that is 
particularly suitable for the rear assemblies 12, 152 according to the present 
invention is an inclinometer directly installed on or within the door 18 to measure its 
absolute inclination relative to gravitational forces of the earth. Inclinometers can 
measure the inclination of the door 18 regardless of the position or condition of the 
frame 14, and thus, will not be influenced any minor deflections or structural 
variations in the positioning of the door 18 relative to the frame 14 as the vehicle 10 
ages. Inclinometers also do not require installation on the hinge assembly 20. 
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[00135] In general, inclinometers are less complicated than the rotary or linear 
sensor, and are easier to install and maintain. Additionally, an inclinometer installed 
in the door 18 may replace a vehicle tilt sensor installed within an electronic control 
unit 500. Thus, in addition to door position, the inclinometer may be used to 
simultaneously detect vehicle tilt, leveling variances within the vehicle, or problems 
with the vehicle suspension. An inclinometer may be used to provide such vehicle 
tilt information when the door 18 is either in the closed position or the folly open 
position. Alternatively, an inclinometer installed in the door 18 can be used in 
conjunction with a separate tilt sensor installed in the vehicle body, thus providing a 
control unit with inclination information for both the vehicle 10 and the door 18, 
which can then be used to determine the position of the door 18 with respect to 
gravitational forces and the vehicle body. An advantage of employing an 
inclinometer mounted on the door 18 as position sensor is that its sensing of absolute 
door inclination with respect to gravitational forces provides information that 
enables a control unit to determine the force acting on the struts 30, since that force 
is a function of the angular position of the door 18 with respect to gravity. 

[00136| An inclinometer may also be used as a position sensor if the 
electronic control unit reads the rate of change of inclination with respect to time, for 
example, by comparing the inclination readings with an internal timer. The speed of 
the motor may then be adjusted in accordance with the output of the inclinometer in 
a continuous feedback control scheme. 

[001371 Several types of inclinometers are compatible with the rear assembly 
12 according to the present invention. These include liquid level devices (e.g., 
simple mercury switches with contacts at each end), rolling ball-based sensors (e.g., 
gas bag sensors), liquid level/detector chamber devices, gaseous bubble detector 
devices (e.g., the MEMSIC device described above), and gravity-based pendulum 
devices. The pendulum-based device is one of the more suitable designs for this 
application, as it is relatively insensitive to temperature changes (whereas liquid- 
containing inclinometers tend to freeze), and may be more stable than the other 
types of inclinometers. 
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[00138] In its simplest form, a pendulum-based (offset weight) inclinometer 
sensor is constructed of an offset weight, or pendulum, affixed to a precision rotating 
shaft. The shaft is supported on each side by high-precision, low-friction ball 
bearings, which are fixed to the static outer casing of the sensor. The case is 
attached to the door 1 8 by means of screw holes molded into the inclinometer 
casing. As the door 18 is rotated, the pendulum continues to point in the direction of 
gravity while the case of the sensor rotates with the door 18. Thus, the pendulum 
rotates relative to the casing of the inclinometer sensor as the door 18 moves. A 
small rotary encoder installed within the sensor records the movement of the 
pendulum relative to the casing. The rotary sensor may be one of any of the types of 
rotary sensors discussed above. The accuracy of the rotary encoder may be selected 
to determine the overall accuracy of the inclinometer. As with the other components 
of the system, the inclinometer output signal may be of any compatible or desired 
type, including analog, digital, TTL, and quadrature signals. 

[00139J Inclinometers are generally designed to follow relatively slow 
changes in angular position. By design, the inclinometers tend to overshoot the 
actual value of angular position when the object being measured is accelerated or 
decelerated rapidly, or when the frequency of oscillation becomes greater than a 
certain value. 

[00140] An inclinometer installed in the door 18 is preferably damped such 
that it does not respond to minor oscillations or high-frequency vibrations. 

[00141] Several methods are available for damping the inclinometer as 
contemplated by the present invention. These methods include fluidic damping, 
frictional damping, and magnetic damping, and are described here in terms of a 
pendulum-type inclinometer. In fluidic damping, the pendulum is submerged in a 
heavy oil or alcohol, which acts to resist small pendulum deflections. In frictional 
damping, the pendulum is forced to rub against a frictional material as it moves, 
causing resistance to the pendulum's movement. In magnetic damping, magnets 
surround a ferromagnetic pendulum, and the magnetic forces act to resist small 
oscillatory movements of the pendulum. 
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[00142] Magnetic damping may be the most convenient form of damping for 
a pendulum inclinometer to be used in the rear assembly 12, because there is less 
component wear, and no chance of a liquid medium freezing. One commercial 
inclinometer of this type that is particularly suitable for use in the present invention 
is the A2I 360° Absolute Inclinometer, sold by U.S. Digital Corporation of 
Vancouver, Washington. 

[00143] All of the sensors and encoders described above may be generally 
described as "dynamic property detectors" in that they each detect a dynamic 
property (e.g., position, velocity, acceleration, inclination) of the moving liftgate 
door 18. 

Control System Logic for Liftgate Control 

[00144] Control logic algorithms appropriate for an automated pivoted 
closure according to embodiments of the invention will be described with respect to 
a simplified control system 600 similar to control system 500 of Figure 15. 
However, the logic and principles described with respect to control system 600 may 
be applied to any of the other control systems described herein. Additionally, the 
features of the other control system embodiments may be used in various 
combinations with control logic algorithms similar to those described here. 

[00145] Figure 18 schematically illustrates the components of control system 
600, which is suitable for use with the two-motor powered system 132 illustrated in 
Figure 23. As shown, the control system 600 includes a control module 602, which 
includes a microprocessor and other appropriate computing devices as described 
above. The control system 600 also includes a vehicle tilt sensor 604 and powered 
latch assembly 22 in communication with the control module 602. The control 
module 602 is connected to the main multiplexed communication bus 606 of the 
automobile 10. As shown, the vehicle speed sensor 608 (which connects to the 
external body controller 609) is also in communication with the control module 602 
through the multiplexed communication bus 606. 
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[00146] The control system 600 also includes a liftgate position sensor 612, 
which monitors the position of the liftgate door 18 as it moves. The liftgate position 
sensor 612 may be any one of the types of sensors described above. Depending on 
the design of the rear assembly 12 of the automobile 10, the liftgate position sensor 
612 may or may not be directly coupled to the liftgate hinge 20, and may be an 
absolute or a relative position sensor. If a gravity-based inclinometer is used as the 
liftgate position sensor 612, vehicle tilt information can be obtained by reading the 
value of the liftgate position sensor 612 prior to actuation of the liftgate door 18, 
which may make the vehicle tilt sensor 604 unnecessary. Also, a gravity-based 
inclinometer may be used as a position sensor, as described above. 

[00147] The two gearboxes 136 of the powered system 132 (one for the left- 
side strut and one for the right-side strut as shown in Figure 20) are schematically 
illustrated in Figure 18. The motor 135 and gearbox 136 are shown schematically. 
As shown, each of the gearboxes 136 includes a motor speed sensor 614 and a 
"home ' position sensor 616. The motor speed sensor 614 of this embodiment is a 
Hall effect sensor or another similar type of sensor. The "home" position sensor 616 
of this embodiment a simple switch that activates when the rotating arm 40 returns 
to the "home" position, although the "home" position sensor 616 may be 
implemented as a Hall Effect or similar sensor in other embodiments. In general, 
the Hall Effect motor speed sensor 614 functions by counting pulses relative to the 
position of the rotating arm 40 in the "home" position. (The rotating arm 40 would 
be in the "home" position when the door 18 is either fully opened or fully closed.) 

|00148] The user inputs to control system 600 are not shown in Figure 18. 
The control system 600 may take user input from the control panel 514 and remote 
device 522 shown in Figures 16 and 17, respectively, which would be in 
communication with the control module 602 through the communication bus 606. 

[00149] A control algorithm 700 for a door-opening sequence using control 
system 600 is shown in the block diagram of Figure 19. In Figure 19, the algorithm 
700 begins at block 702 with the liftgate door 18 in the closed position. The 
algorithm proceeds to block 704. At block 704, the control system 600 determines 
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whether the command to open the door 1 8 has been issued. If the command to open 
the door 18 has been issued (block 704: YES), control passes to block 706. If the 
command to open the door 1 8 has not been issued (block 704: NO), control returns 
to block 704. 

[00150] In block 706, pre-opening system checks are performed. These pre- 
opening system checks include checking whether the battery voltage is within a 
programmed range (e.g., 9-16 VDC), checking whether the vehicle tilt exceeds the 
design limitations, checking whether the vehicle transmission is set to "park," 
checking whether the vehicle is moving, and checking for any other vehicle-specific 
safety hazards. Additionally, if the rotating arms 40 are not in the "home" position, 
as indicated by "home" position sensor 616), the control module 602 may direct the 
motors 135 to move the rotating arms 40 into the "home" position so as to ensure a 
consistent starting position. Each of these pre-opening system checks may involve 
multiple measurements and decision blocks, although for simplicity, these additional 
measurement and decision blocks are not shown in Figure 19. Once block 706 is 
complete, control passes to block 708, a decision block. In block 708, if any of the 
pre-start checks have foiled (block 706:NO), control returns to block 704 and the 
liftgate door 18 remains closed. Otherwise (block 708: YES), control passes to block 
710. 

[001511 In block 710, the control module 602 calculates the position of the 
rotating arms 40 at which the latch assembly 22 will be released. This release 
position is a function of the vehicle tilt, and so input is taken from vehicle tilt sensor 
604, or alternatively, if the door 18 is equipped with an inclinometer liftgate position 
sensor 612, input may be taken from the liftgate position sensor 612 to determine the 
vehicle tilt. Once the latch release position has been calculated, control passes to 
block 712. 

[00152] In block 712 the motors 134 are activated to move the rotating arms 
40 to a position at which the struts 30 begin to exert outward and upward force on 
the liftgate door 18. In this embodiment, the rotating arms are driven clockwise 
during this task. As the rotating arms 40 reach the latch release position, control 
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passes to block 714. At block 714, the control module tests whether the rotating 
arms 40 have reached the latch release position. If the rotating arms 40 have 
reached the latch release position calculated in block 710 (block 714:YES), control 
passes to block 716. Otherwise (block 714:NO), control returns to block 712 and 
the rotating amis 40 continue to move towards the latch release position. 

[00153] In block 716, the latch 24 is released by a command from the control 
module 602 and the liftgate door 18 begins to open. Control passes to block 718, in 
which the control module 602 tests whether the latch 24 has been released. If the 
latch has been released (block 71 8: YES), control passes to block 720. Otherwise 
(block 718:NO), control returns to block 716 and the control module 602 once again 
attempts to release the latch 24. 

[00154] in block 720, the liftgate door 18 opens as the motors 134 are 
activated to drive the rotating amis 40 as illustrated in Figure 4, i.e., in a clockwise 
direction. Control passes to block 722. In block 722, the control module 602 
confirms that the door 18 is opening, and if so (block 722:YES), control passes to 
block 724. Otherwise (block 722:NO), control returns to block 720 and the rotating 
arms 40 continue to move. 

|00155] At block 724, the rotating arms 40 have reached a designated 
position. The motors 134 are stopped to allow the struts 30 time to expand against 
the weight bias of the door 1 8 to push the door 18 toward the open position. Control 
passes to block 726. In block 726, the control module 602 checks whether the struts 
30 have fully extended. If the struts 30 are fully extended (block 726:YES), control 
passes to block 728. Otherwise (block 726:NO) control returns to block 724. 

(00156] In block 728, the control module 602 activates the motors 135 to 
drive the rotating arms 40 counter-clockwise, back to the "home" position. Once the 
rotating arms 40 are in the "home" position, the door 18 can remain open under the 
bias provided by the struts 30 for an indefinite period of time. Control passes to 
block 730. In block 730, the control module 602 determines whether the rotating 
arms 40 have reached the "home" position. If the rotating arms 40 have reached the 
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"home" position (block 730: YES), then the door 18 is fully open, as indicated at 
block 732, and control passes to block 734, in which the algorithm terminates and 
returns. Otherwise (block 730:NO), control returns to block 728. 

[00157] A control algorithm 750 for a door-closing sequence using control 
system 600 is shown in the block diagram of Figure 20. The algorithm 750 begins 
at block 752 with the liftgate door 1 8 open and control passes to block 754. In block 
754, the control module 602 determines whether the command to open the door 18 
has been issued. If the command to open the door 18 has been issued (block 
754: YES), control passes to block 756. If the command to open the door 18 has 
been issued (block 754: YES), control passes to block 756. Otherwise (block 
754:NO), control returns to block 754. 

[00158] In block 756, pre-opening system checks are performed. These pre- 
opening system checks may be the same as those in block 706 of Figure 19 and 
include checking whether the battery voltage is within a programmed range (e.g., 9- 
16 VDC), checking whether the vehicle tilt exceeds the design limitations, checking 
whether the vehicle transmission is set to "park," checking whether the vehicle is 
moving, and checking for any other vehicle-specific safety hazards. Each of these 
pre-opening system checks may involve multiple measurements and decision blocks, 
although for simplicity, these additional measurement and decision blocks are not 
shown in Figure 20. Once block 756 is complete, control passes to block 758, a 
decision block. In block 758, if any of the pre-start checks have failed (block 
706:NO), control returns to block 754 and the liftgate door 18 remains open. 
Otherwise (block 708:YES), control passes to block 760. 

[00159] In block 760, the control module 602 activates the motors 135, 
causing the rotating arms 40 to move clockwise. Once the rotating arms 40 are 
moving, control passes to block 762. In block 762, the control module 602 
determines whether the "collapse point" has been reached, i.e., whether or not the 
struts 30 have begun to collapse under the weight bias of the door 18. If the 
"collapse point" has been reached (block 762:YES), control passes to block 764. 
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Otherwise (block 762 :NO), control returns to block 760 and the rotating arms 40 
continue to move. 

|00160] Blocks 760, 762 and 764 include several features that are not shown 
in Figure 20, including obstacle detection. Block 760 is shown in more detail in 
Figure 22, a detailed schematic diagram. As shown, block 760 begins with decision 
task 760A, in which the control module 602 determines whether it is the first second 
(or, more generally, the first instant) of door closing. If the present instant is within 
the first second of closing (task 760A:YES), control passes to task 760B, where the 
control module 602 measures and stores in memory the current that the motor 135 is 
drawing. Control then passes from task 760B to task 760C. Otherwise (task 
760A:NO), control passes directly to task 760C. 

100161] In task 760C of block 760, the control module 602 determines 
whether the present current that the motor 135 is drawing (I mot in Figure 22) is 
greater than the reference current (I re r in Figure 22) that was measured and stored in 
task 760B. If the motor current is greater than the reference current (task 
760C:YES), control passes to task 760D, at which point an obstruction to door 
movement is assumed to exist and the direction of movement of the door 18 is 
reversed. Otherwise (task 760C:NO), control passes to block 762 while the rotating 
arms 40 continue to move. 

|00162] Block 760 provides a motor-based type of obstacle detection that is 
implemented as the motor begins to activate. The obstruction detection of block 760 
may also be performed continuously or at designated points throughout algorithms 
700 and 750. Additionally, the control module 602 may poll (i.e., interrogate) any 
pinch bars or other obstruction detection systems that are installed to determine 
whether an obstruction exists at any point in algorithms 700 and 750. 

|00163] After the "collapse point" detected in block 762, the control system 
600 controls the movement of the door 18 somewhat differently. Prior to the 
"collapse point;' the struts 30 act as rigid, incompressible members, and movement 
in the system is confined to the rotating arms 40. Once the "collapse point" has been 
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reached, the struts 30 act as compressible members and collapse while the rotating 
arms 40 are moving. As another feature, the control module 602 may be 
programmed to know or anticipate when the "collapse point" will occur. This type 
of anticipation would be advantageous because the control module 602 would then 
be able to accommodate the change and keep the door 18 from moving too quickly. 
There are three ways in which the control module 602 might anticipate the "collapse 
point." First, the current drawn by the motor 135 will spike when gravity begins to 
effect the struts 30, and the control module 602 may be programmed to recognize 
this current spike. Second, the control module 602 may be programmed to detect a 
sudden increase in liftgate door velocity from the liftgate position sensor 612 and to 
recognize this event as the "collapse point." Third, the control module 602 may be 
programmed to conclude, based on the position of the rotating arms 40 that the 
"collapse point" must have been reached for any reasonable inclination of the 
vehicle 10. 

[00164] The "controlled collapse" of block 764 is a segment of the closing 
sequence of the door during which the movement rate of the door 18 is maintained 
within a desired velocity profile. The "desired velocity profile" is, in one 
embodiment, a substantially constant speed, and the movement velocity of the door 
18 is maintained for most of its travel within a certain range (e.g., ± 25%) of that 
desired constant speed. It should be appreciated that the velocity may jump out of 
the desired range at certain instances during the door movement, such as during 
initial opening, towards the end of opening, during initial closing, towards the end of 
closing, and at the transition when the strut begins to compress (e.g., the "collapse 
point") during closing, and that the system subsequently brings the velocity back 
into the desired velocity range or profile. 

[001651 Block 764 is shown in more detail in Figure 21, a detailed schematic 
diagram. In task 764 A, the control module 602 checks the speed of the door 18 and 
compares it with a target speed stored in memory. If the liftgate door speed is less 
than the target speed (task 764A:YES), control passes to task 764B, in which the 
control module 602 instructs the motor 135 to speed up the movement of the rotating 
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amis 40. Control then returns to task 764A. If the speed of the liftgate door is not 
less than the target speed (task 764A:NO) 5 control passes to task 764C. 

|00166] In task 764C, the control module 602 determines whether the liftgate 
is moving more than 1.5 times the desired target speed. If the liftgate door is 
moving more than 1 .5 times the desired target speed (task 764C:YES), it is assumed 
that slowing the rotating amis 40 is an insufficient speed correction. Control passes 
to task 764D in which the direction of movement of the rotating arms 40 is reversed. 
Otherwise (task 764C:NO), control passes to task 764E. 

[00167] In task 764E, the control module 602 determines whether the liftgate 
door speed is greater than the target speed. If the liftgate door speed is greater than 
the target speed (task 764 E: YES), control passes to task 764F, in which the control 
module 602 directs the motors 135 to slow- the rotating arms 40. Control then 
returns to task 764A. If the liftgate door speed is not greater than the target speed 
(task 764E:NO), control passes directly to block 766. 

|00168] In block 766, which is illustrated in Figures 20 and 21 for simplicity 
and clarity, the control module 602 determines whether the liftgate door 18 is close 
to the closed position. This determination is made based on the output of the liftgate 
position sensor 612. If the liftgate door is close to the closed position (block 
766:YES), control passes to block 768. Otherwise, control returns to task 764A and 
block 764 repeats. 

[00169] Returning to the high-level schematic flow diagram of Figure 20, in 
Figure 768, the control module 602 instructs the motor 135 to drive the rotating 
amis 40 in a counter-clockwise direction at full speed, and the angular orientation of 
the struts 30 at this point in the cycle imparts a force (arrow F, in Figure 9) to force 
the door 18 inward, causing the latch 24 to engage the latch striker 26. Control 
passes to block 770. In block 770. the control module 602 determines whether the 
latch assembly 22 has cinched. If the latch assembly 22 has cinched (block 
770: YES), control passes to block 772. Otherwise (block 770:NO), control returns 
to block 768. 
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[00170] In block 772, the control module 602 instructs the motor 135 to drive 
the rotating anus 40 back to the "home" position. Control passes to block 774. In 
block 774, the control module 602 checks the "home" position sensors 616 to 
determine whether the rotating arms 40 have reached the "home" position. If the 
rotating amis 40 have reached the "home" position (block 774:YES), the liftgate 
door 18 is assumed to be fully closed, as shown in block 776, and algorithm 750 
terminates and returns at block 778. Otherwise (block 774:NO), control returns to 
block 772. 

[00171] In the description of algorithms 700 and 750 above, the control 
module 602 is programmed to repeat the task of a particular block if a later decision 
block demonstrates that the task of that particular block has not been performed 
successfully. In cases where repetitive failure to perform a task could indicate a 
persistent error condition (for example, in block 708 of algorithm 700 and block 758 
of algorithm 758), the control module 602 may be programmed to abort operations if 
a the tasks of a block are unsuccessful after a specified number of iterations. 

Low-Mounted Powered Opening System 

[00172] The rear assemblies 12, 150 shown in Figures 1 and 23, and the 
control systems and software algorithms described for those rear assemblies 12, 150, 
are particularly useful when space is available either in the roof of the motor vehicle 
10 (i.e., for the rear assembly 12) or in an upper portion of the rearward-most pillar 
160 of the motor vehicle (i.e., for the rear assembly 150). 

[00173] However, as was set forth above, design rules for some classes of 
motor vehicles may prevent upper portions of the vehicle frame from being used to 
house power operated systems 32, 152. In some cases, the only available space may 
be in the rearward-most pillar 160 below the motor vehicle's window line, or 
beneath the floor of the motor vehicle. (As used herein, the terms "a lower portion 
of the vehicle frame" and "a lower portion of the rearward-most pillar" shall refer to 
portions of those structures located at the level of or below the windows of the motor 
vehicle.) 
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[00174] Figure 26 is a perspective view of a motor vehicle 10 having a rear 
assembly 812 in accordance with a further embodiment of the invention. The rear 
assembly 812 is suitable for motor vehicles in which space is not available in upper 
portions of the rearward-most pillar or roof, as well as motor vehicles that are 
already designed to house struts in lower portions of the rearward-most pillar. In 
Figure 26, and in the following description, certain structures are the same as or 
essentially similar to those described above with respect to other embodiments. The 
description given above will suffice to describe those structures in this embodiment. 

[00175] The rear assembly 812 includes two struts, a first strut 830 which is 
connected at one end to a power-operated system 832 and a second strut 30 which is 
not connected to a power-operated system 832. (In this embodiment, only one strut 
830 need be connected to a power-operated system 832.) Both struts 30, 830 are 
pivotally connected at one end to the door 18. The strut 30 that is not connected to 
the power operated system 832 is instead pivotally connected to the frame 14 or 
vehicle body. In the following description, the strut 830 that is connected to the 
power-operated system 832 will be referred to as the articulation strut 830. 

[00176] The rear pillar of the vehicle (not shown in Figure 26) includes a 
longitudinal channel or slot 862 which is configured and adapted to receive at least a 
portion of the articulation strut 830. As shown in Figure 26, the longitudinal 
channel 862 in the rearward-most pillar extends from a position just above the 
taillight 15 of the motor vehicle 10. Pivotally connected to the articulation strut 830 
through the channel 862 is a first articulation member 840. The connection between 
the articulation strut 830 and the first articulation member 840 acts as a mobile pivot 
axis S43. Because of the packaging of the power-operated system 832 and first 
articulation member 840, the mobile pivot axis 843 of this embodiment is at a 
position that is substantially vertically lower than that of the mobile pivot axes 44 of 
the previous embodiments. (The mobile pivot axis 843 may also be referred to as 
the articulation mount point for the articulation strut 830.) 

[00177] The other end of the first elongated articulation member 840 is 
pivotally coupled to the power-operated system 832. More particularly, the power- 
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operated system of this embodiment includes a linear actuator 835, and the other end 
of the first articulation member 840 is pivotally connected to an extendable and 
retractable member 837 of the linear actuator 835 by conventional connecting 
members. The linear actuator 835 may be any conventional type of linear actuator, 
including pneumatically, electrically and hydraulically powered linear actuators. In 
Figure 26, the linear actuator 835 is an electrically powered linear actuator, which is 
in communication with a motor 834 and gearbox 836. The linear actuator 835 has 
its extendable and retractable elongate member 837 driven to be extended and 
retracted by the motor 834. 

|00178] A second elongated articulation member 842 is pivotally connected 
on one end at a fixed position adjacent the linear actuator 835 and on the other end 
to a position near the midpoint of the first articulation member 840 to form an 
articulating linkage. The lengths, shapes, and connecting points of the first and 
second articulating members 840, 842 will vary depending on the geometry of the 
geometry of the rear assembly 812, the characteristics of the articulating strut 830, 
the weight of the door 18, and other conventional mechanical factors. It should be 
noted that the first and second articulating members 840, 842 need not be linear in 
shape. Additionally, although a linkage comprising first and second articulation 
members 840, 842 is illustrated, the articulating strut 830 need not be connected to a 
linkage. Rather, any articulating system that is capable of moving the mobile pivot 
axis 843 downward and in a vehicle-inward direction is suitable. For example, the 
articulating stmt 830 could be connected to an edge of a sector gear, which is driven 
by a motor. 

|00179] The power-operated system 832 of the embodiment illustrated in 
Figure 26 changes the angular orientation of the articulating strut 830 to provide the 
strui with either more or less mechanical advantage, which facilitates the movement 
of the door 18. However, the kinematics and dynamics of the power-operated 
system 832 are different from power-operated systems 32, 152 according to the 
previous embodiments. In the embodiments of Figures 1 and 23, the change in 
angular orientation of the struts 30 provides substantially all of the force bias 



3255309 2 49 Clark Hill PLC 

19357-095242 G. Gabo / R. Asher 

702757 US 

FILED ON SEPTEMBER 29. 2003 



required to open and close the door 1 8. In this embodiment, the relative differences 
in mechanical advantage between the articulated and non-articulated struts 830, 30 
and driving force supplied by the power-operated system 832 all contribute to the 
movement of the door 1 8, as will be explained below in greater detail. 

[00180] The operation and operating sequence of the rear assembly 812 will 
be described with respect to Figures 27-35, which are schematic side elevational 
views of the rear assembly 812, showing the articulating strut 830 and power- 
operated system in various operational positions through a complete operational 

cycle. 

[00 1 81 J In the view of Figure 27, the member 837 of the linear actuator 835 is 
retracted and the articulating strut 830 is thus in its "home" position, with the mobile 
pivot axis 843 between the first articulating member 842 and the articulating strut 
830 in a slightly more vehicle-outward position than the pivot point 841 at which the 
strut 830 is connected to the door 18. At the "home" position, the door 18 can be 
manually opened, as strut pivot points 841, 843 are positioned at the ideal position 
for manual operation. (With respect to the coordinate system of Figures 27-35, the 
"vehicle-inward" direction is to the left and the "vehicle-outward" direction is to the 
right.) The door 18 is latched and is ready to be opened. In the "home" position 
illustrated in Figure 27, the door 18 may optionally be opened manually, in which 
case the presence of the power-operated system 832 will be completely transparent 
to the user. 

[00182] In order to open the door 18, the member 837 of the linear actuator 
835 begins to extend, as shown in Figure 28, which moves the mobile pivot axis 843 
in a vehicle-inward direction and thus changes the angular orientation of the 
articulating strut 830, as shown in Figure 28. During the movement of the 
articulating strut 830 from the position of Figure 27 to that of Figure 28, the door 18 
remains latched. 

[00183] In the position illustrated in Figure 29, the member 837 of the linear 
actuator 835 has reached a fully extended position, placing the articulating strut 830 
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in a mechanically advantageous position to open the door 18. The door 18 remains 
latched. 

[00184] It is advantageous if the articulating strut 830 includes structure 
allowing the strut 830 to "lock" in any one of a plurality of extended positions, 
particularly the fully extended position. This "locking" function may be provided, 
for example, by a rheological fluid strut, as described above. However, for most 
applications, rheological fluid struts may be too expensive. For example, one 
suitable type of articulating strut 830 with locking structure that is relatively low in 
cost is the type of strut sold under the trademark BLOC-O-LIFT® by Stabilus 
GmbH of Koblenz, Germany. The BLOC-O-LIFT® struts have a set of internal 
speed and damping regulation valves, the use of which can "lock" the strut into 
certain positions. When the motor vehicle 10 is in a level orientation at near a 
temperature near room temperature, it may not be necessary to use the locking 
structure to retain the articulating strut 830 in the fully extended position because 
sufficient internal biasing stiffness may be sufficient to keep the strut fully extended. 
However, locking structure in the articulating strut 830 is most useful when the 
motor vehicle 10 is in a tilted orientation or the ambient temperature is low. 

[00185] Once the articulating strut 835 has reached the door-opening position 
of Figure 29, it may be locked into the extended position using its locking structure. 
As shown in Figures 30-31, the latch assembly of the door 18 is then released, and 
the linear actuator 835 reverses direction and begins to retract, in order to drive the 
door 18 towards its fully open position. Figure 31 illustrates the door 18 in a 
partially open position while being driven open. During this movement, the 
actuating strut 830 is assisted by the conventionally mounted strut 30 on the other 
side of the door 18. 

[00186] In the position illustrated in Figure 32, the door 18 is fully open and 
the member 837 of the linear actuator 835 has returned to its fully retracted position. 
Once the door 18 is in the fully open position, the actuating strut 830 may be 
unlocked, such that the door 1 8 may be closed manually by the user, if desired. The 



3255309.2 51 Clark Hill PLC 

1 9357-095242 G. Gabo / R. Asher 

702757 US 

FILED ON SEPTEMBER 29. 2003 



door 18 may remain in the position illustrated in Figure 32 as long as necessary 
while the user accesses the cargo compartment. 

[00187] Figures 33-35 illustrate the closing movements of the rear assembly 
812. Once the user decides to close the door (e.g., by pushing control buttons as 
described above and illustrated in Figures 16-17), the linear actuator 835 begins to 
extend, causing the actuating strut 830 to move, as shown in Figures 33-34. While 
the linear actuator 835 extends and causes the articulating strut 830 to move, the 
other strut 30 is gradually collapsed by the weight bias of the door 18. In effect, the 
motion of the linear actuator 835 progressively removes the articulated strut 830 
from a position in which it is able to support the door 18. Because the non- 
articulating strut 30 cannot support the door 18 on its own, it begins to collapse. 
During this process, the angular orientation of the articulating strut 830 (which may 
be or may not be locked) is controlled to effect a controlled collapse of the other 
strut 30. and thus, a controlled door 18 closing. 

[00 1 88] In the position illustrated in Figure 34, the door 18 is almost 
completely closed. At this point in the movement cycle, sufficient force is applied 
to ensure that the latch assembly in the door 18 engages. Once the latch assembly 
has engaged, the movement of the linear actuator 830 forces the articulating strut 
830 to collapse, as shown in Figure 35. The linear actuator 835 then retracts until 
the articulating strut 830 and linear actuator 835 have returned to the "home" 
position, shown in Figure 27. Once the actuating strut has reached the "home" 
position, if it was locked during any portion of the movement sequence, it is 
unlocked so that the door 18 may be opened manually. 

[00189] Depending on the level of control desired, the rear assembly 812 and 
power-operated system 832 may be controlled by any one of the control systems that 
are described above, and may include any of the obstruction detection mechanisms 
that are described above. However, because the articulating strut 830 acts as a rigid, 
inextensible member (i.e., it is essentially fixed in length) for most of the automatic 
opening and closing sequences, the kinematics and dynamics of the system are 
significantly simpler than those of the previous embodiments. Therefore, a door 

3255309_2 52 Clark Hill PLC 

1 9357-095242 G. Gabo / R. Asher 

702757 US 

FILED ON SEPTEMBER 29. 2003 



position sensor, inclinometer, or absolute encoder may not be necessary, and thus, 
the power-operated system 832 may be less expensive than that of previous systems. 
To control the power-operated system 832, it may only be necessary to know the 
position or relative extension of the linear actuator 835. Additionally, because the 
articulating strut 832 acts as a rigid, inextensible member, reversals in the direction 
of movement of the door 1 8 may be effected quickly. 

|00190] Those of ordinary skill in the art will realize that at least some of the 
functions of the articulating strut 830 could be performed by a telescoping rigid 
member with locking structure. However, the use of a strut has certain advantages. 
For example, a strut preserves the ability of a user to manually actuate the door 18, 
even if the power-operated system 832 is in the process of moving the door 18. In 
particular, during the closing movement of the door 18, if a user tried to slam the 
door 1 8 shut, the articulating strut 830 would collapse and the door would close. 
Once the power-operated system 832 has returned the articulating strut 832 to the 
"home" position, the presence of the power-operated system 832 is transparent to the 
user and the user may thus actuate the door 1 8 manually, if desired. 

[00191] Referring to Figure 36, another embodiment of the powered liftgate 
operating system is shown. On one side of the vehicle 10, a first strut 932 extends 
between one end pivotally coupled to the liftgate 18 at 934 and an opposite end 
operatively coupled to the drive or operating mechanism 950. On the other side of 
the vehicle 10, a second strut 930 extends between one end pivotally coupled to the 
liftgate 1 8 and an opposite end pivotally mounted to the vehicle body or frame 14. 

(00192] Referring to Figure 37, the operating mechanism 950 is illustrated in 
detail. The operating mechanism 950 generally comprises a mounting plate 952 for 
fixedly mounting the operating mechanism 950 onto the vehicle 10. A drive motor 
954 is mounted on the mounting plate 952. The drive motor 954 has a drive shaft 
956 extending therefrom. The drive shaft 956 has a worm gear 958 mounted on the 
drive shaft 956. The worm gear 958 operatively engages a series of planetary gears 
960, 962, 964, 966. In the illustrated embodiment, the gear 960 is a compound gear 
for increasing the drive torque. The gear 960 is rotatably mounted on the mounting 
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plate 952. A crank arm 968 extends between a proximal end 968a and an opposite 
distal end 968b. An ami pivot pin 970 pivotally interconnects the distal end 968a of 
the crank arm 968 to the mounting plate 952. The planetary gears 962, 964, 966 are 
rotatably mounted on the crank arm 968. At least one of the planetary gears 962 is 
rotatably mounted on the crank arm 968 by the arm pivot pin 970. At least one of 
the planetary gears 966 operatively engages an arcuate rack 972, preferably having a 
series of gear teeth 975 on an inner face thereof. The arcuate rack 972 has a center 
of curvature corresponding to the pin 970. As is apparent, a driving torque from the 
motor 954 drivingly pivots the crank arm 968 between a "home" position, as 
illustrated, and an operative position wherein the crank arm 968 is rotated relative 
from the "home" position. The first strut 932 is pivotally connected to the distal end 
968b of the crank ami 968 at 974. In the "home" position, the stmts 930 and 932 are 
positioned and angled relative to the liftgate 18 for conventional manual operation of 
the door 1 8 between open and closed positions with respect to the door opening 16. 

[001931 It is apparent to those skilled in the art, that the size, number and gear 
ratio of the planetary gears are selected to provide the desired driving torque to open 
and close the liftgate 18. The arcuate length and radius of the rack 972 is determined 
by the weight of the liftgate 1 8. In general, the orientation of the rack 972 moves the 
pivot point: of the first strut 932 forwardly of the vehicle to increase mechanical 
advantage and downwardly to fully extend the first stmt 932. Typically the forward 
extent is between about 70-90 mm and the downward extend is between about 150- 
180 mm. 

[00194] The operating mechanism of the present invention mounts in the 
vehicle preferably below the belt line of the vehicle 10. 

[00 1 95) In operation, the system is initially in the "home" position. In the 
"home" position, both struts 930, 932 are positioned to allow manual operation of 
the liftgate 18. Once an operator initiates an "open" cycle by any convention means, 
the latch assembly 22 unlatches to release the liftgate. At the same time, the motor 
954 is energized to rotate crank ami 968 from the "home" position to the operative 
position. In other words, the crank ami 968 rotates in the direction "F" of Figure 37. 
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Rotation of the crank arm 968 moves the lower pivot point of the first strut 932 
forwardly to increase mechanical advantage of the first strut 932 relative to the 
liftgate 18 and also extend the first strut 932 to its fiill extent. Once the first strut 
932 is fully extended, the first strut 932 acts a fixed link. The motor 954 is reversed 
to drive the crank arm 968 from the operative position to the "home" position. The 
torque of the motor 954 is transmitted to the first strut 932 to provide an opening 
force to the liftgate 18 until the crank arm 968 reaches the "home" position and the 
liftgate 1 8 is in the fully open position. Since the operating system is in the "home" 
position, the liftgate 18 may be closed manually without the requirement of 
disengaging or uncoupling the drive from the liftgate, thereby obviating the need for 
a clutch. 

[001 96] To close the liftgate 1 8, the operator initiates the "close" cycle by any 
conventional means. The motor 954 is energized to move the crank arm 968 from 
the "home" position to the operative position. The lower pivot of the first strut 932 
moves forwardly and downwardly providing a downwardly directed closing force on 
the liftgate 18. The closing force of the system works in conjunction with the force 
of gravity and against the strut 930, to provide a smooth and controlled closing of 
the liftgate 1 8. Once the liftgate 1 8 is closed, the latch assembly 22 or the striker 26 
is energized to cinch the liftgate 18 to the fully closed position. The motor 954 is 
reversed to move the crank ami 968 from the operative position back to the "home" 
position compressing and retracting the first strut 932. 

1 00.1 97 1 Referring to Figure 38, an alternative embodiment of the liftgate 
operating system is shown. The alternative embodiment includes a secondary spring 
assist member or strut 980 pivotally mounted between the operating mechanism 950 
and the frame 14 of the vehicle to reduce the load and torque on the motor 954 when 
the mechanism is operated between the "home" position and the "operative" 
position. More specifically, the strut 980 has a first distal end 982 pivotally 
connected to the movable end of the crank arm 968 adjacent the end of the first strut 
932. A second distal end 984 is pivotally connected to the frame 14 below the 
operating mechanism 950. The strut 980 is fully extended in the "home" position. 
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The strut 980 is also aligned opposite the first strut 932 to balance the compression 
or energy therebetween. It should be appreciated that although a gas strut 980 is 
shown in the present embodiment, it should be understood that any structural 
member capable of storing mechanical energy (i.e. any resilient stored-energy 
member) may be used with the present invention. For example, the spring assist 
member 980 may include a linear spring, torsional spring, gas strut, compression 
spring, rotary spring, elastic or polymer member or the like without varying from the 
invention. 

100198] In operation, as the crank arm 968 rotates from the "home" position 
to the operative position, the strut 980 is compressed to store energy. Once the 
crank arm 968 is moved by the motor 954 from the operative position to the "home" 
position, the energy stored in the strut assists the motor 954 in rotating toward the 
"home" position which reduces the required load and torque on the motor 954 in 
lifting the liftgate 18 or in compressing the first strut 932. The addition of the spring 
assist member or strut 980 allows the system to incorporate a smaller, cheaper motor 
954 while obtaining the same mechanical advantage in the operation of the liftgate 
18. 

[001991 It will thus be seen that the objects of this invention have been fully 
and effectively accomplished. It will be realized, however, that the foregoing 
specific embodiments have been shown and described for the purpose of illustrating 
the functional and structural principles of this invention and are subject to change 
without departure from such principles. Therefore, this invention includes all 
modifications encompassed within the scope of the following claims. 
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